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ABSTRAKT 
Nízkocyklová únava je důležitým hodnotícím parametrem u součástí  vystavených 
během svého provozu působení náhodného střídavého napětí, které je dané teplotními výkyvy 
při provozu nebo odstávkách např. leteckých motorů či stacionárních energetických turbín. 
 Zkoušky nízkocyklové únavy byly provedeny na vzorcích ze superslitiny Inconel 
738LC při teplotě 23˚C. Experiment probíhal v intervalech skládajících se ze samotného 
cyklování a pozorování změn povrchového reliéfu pomocí světelné a elektronové 
mikroskopie. Na sledovaných vzorcích byl již  po 5 únavových cyklech pozorován povrchový 
reliéf tvořený skluzovými stopami.  
 Bylo provedeno srovnání naměřených výsledků v rámci různých pozorovacích metod. 
   
ABSTRACT 
 Low cycle fatigue behaviour is an important valuational parameter for components 
which are exposed to a random alternating stress during their operation. The alternating stress 
is caused by temperature fluctuations during the operation or shut-downs of the component 
such as aircraft engines or stationary energy turbines.  
      The tests of low cycle fatigue behaviour were applied on samples from superalloy 
Inconel 738LC at stable room temperature 23° C. The actual experiment was running at 
certain intervals, consisting of the cycle loading itself and observing the surface relief by light 
and electron microscopy. A significant surface relief created by slip marks was noticed on the 
observed samples after 5  fatigue cycles. 
      We compared results of measurement with different observation methods. 
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Kapitola 1. - ?YRG    1 
1 ?VOD  
 
?QDYRY?SR?NR]HQ?MHSĜHGPČWHPV\VWHPDWLFN?KRY?]NXPXML?RGSUYQ?SRORYLQ\ 
19. VWROHW? YH NWHU?P E\OR QDVKURP??GČQR YHON? PQR?VWY? HPSLULFN?FK ?GDMĤ R YOLYX
DPSOLWXG\DV\PHWULHF\NOXWYDUXVRX??VWLDMLQ?FKSDUDPHWUĤQD?QDYRYRX?LYRWQRVW'DO??mi 
GĤYRG\NWHU?VW?OHvedou k  deWDLOQČM??PX VWXGLX W?WRSUREOHPDWLN\ MVRXSĜHGHY??P URVWRXF?
SR?DGDYN\QDNRQVWUXN?Q?PDWHUL?O\DY QHSRVOHGQ?ĜDGČL snaha Y\Y?MHWPDWHUL?O\]FHODQRY? 
 3RGURE?PH-OLVWURMQ?VRX??VWQHERNRQVWUXNFLSĤVREHQ??DVRYČSURPČQOLY?FKYQČM??FK
VLO GRFK?]? SR XU?LW? GREČ N MHM?PX ORPX NWHU? MH Y?VOHGNHP PLNURVNRSLFN?FK SURFHVĤ
SURE?KDM?F?FKYH VWUXNWXĜHPDWHUL?OX9HOLNRVW WČFKWRYQČM??FK VLOPĤ?HE?W WDNPDO? ?H MHM?
VWDWLFN?SĤVREHQ?VQ???NRYEH]]Q?PHNSRUX?HQ?3RVWXSQ?SRUX?RY?Q?NRYXSĜLSURPČQOLY?P
]DWČ?RY?Q?  P? QHYUDWQ? NXPXODWLYQ? FKDUDNWHU NWHU? VH D? Y VDPRWQ?P ]?YČUX SURFHVX
SURMHY?UĤVWHPPDNURVNRSLFN?WUKOLQ\DQ?VOHGQ?PORPHP 
 $?NROLY R ?QDYČ PDWHUL?OĤ - SĜHGHY??P GĜHYČQ?FK ORGQ?FK VWČ?ĖĤ - KRYRĜLOL
PRĜHSlavci ML? SĜHG .ROXPEHP ] KLVWRULFN?KR KOHGLVND je SUYQ? SR]RURYDQ? Y?VN\W
?QDYRY?FK ORPĤ VSRMHQ D? s konstrukcemi NWHU? E\O\ Y\VWDYHQ\ F\NOLFN?PX SĤVREHQ?
YQČM??FKVLO-DNRSĜ?NODG\Pohou posloX?LWRV\?HOH]QL?Q?FKYDJ?QĤVRX??VWLSDUQ?FKVWURMĤ
apod. V souvislosti s WČPLWRSURYR]Q?PL ORP\byla snaha SĜHGFK?]HW?L ]DEU?QLW jim SRPRF?
VWDQRYHQ? YHOL?LQ NWHU? E\ FKDUDNWHUL]RYDO\ EH]SH?Q? SURYR] WČFKWR VRX??VW?  3UYQ?
V\VWHPDWLFN?H[SHULPeQW\SURYHGO ML?Y letech 1852 ? $XJXVW:?KOHU, SRGOHQČKR?Ve 
SR]GČMLSRMPHQRYDODMHGQD  ]H]?NODGQ?FK?QDYRY?FKFKDUDNWHULVWLNW]Y:?KOHURYa NĜLYka ? 
REUNWHU?XG?Y?]?YLVORVWDPSOLWXG\QDSČW?ıa SĜLGDQ?VWĜHGQ?KRGQRWČ ımQDSR?WXF\NOĤ
do lomu Nf. 0H]Q? KRGQRWD DPSOLWXG\ QDSČW? SĜL NWHU? QHGRFK?]? N lomu DQL SR Y\VRN?P
SR?WXF\NOĤĜ?GX7VHQD]?Y?PH]?QDY\ıc. [1]. 
 
 
 
 
2EU:?KOHURYDNĜLYNDSURGDQ?VWĜHGQ?QDSČW?ım  [1] 
ıh ? KRUQ?QDSČW?Y cyklu,  ıd ? GROQ?QDSČW?YF\NOX 
 
 
Kapitola 1. - ?YRG    2 
 ([LVWHQFH?QDYRY?KRSRUX?HQ?MHSRGP?QČQDDXU?HQDF\NOLFNRXSODVWLFNRXGHIRUPDF?
Vezmeme-li v ?YDKX QDSĜ DPSOLWXGX F\NOLFN? SODVWLFN? GHIRUPDFH  QD PH]L ?QDY\  X
KODGN?FKY]RUNĤMHEH]RKOHGXQDW\SPDWHUL?OXĜ?GX-5 F\NOĤ-HGQRVPČUQ?QHRSDNRYDQ?
GHIRUPDFH WRKRWR Ĝ?GX QHYHGH N ??GQ?P ]?YD?QČM??P ]PČQ?P YH VWUXNWXĜH PDWHUL?OX DQL
v MHKR YODVWQRVWHFK 7HSUYH PQRKRQ?VREQ? RSDNRYDQ? SODVWLFN? GHIRUPDFH YHGH N
URVWRXF?PX  NXPXODWLYQ?PX SR?NR]RY?Q? PDWHUL?OX NRQ??F?PX ?QDYRY?P ORPHP =DW?PFR
HODVWLFN?GHIRUPDFHN QHYUDWQ?P]PČQ?PPDWHUL?OX nevedeWDNSODVWLFN?GHIRUPDFe naopak 
k QHYUDWQ?P ]PČQ?P YH YQLWĜQ? VWUXNWXĜH SRWD?PR YODVWQRVWHFK PDWHUL?OX YHGH V W?WR
VRXYLVORVWLMHX?LWH?Q?SĜLSRPHQRXWSRPČUQČGRVWY?LW?GČOHQ??QDY\NRYRY?FKPDWHUL?OĤQD
?QDYXY\VRNRF\NORYRXSR?HWF\NOĤGRORPX!5 DQD?QDYXQ?]NRF\NORYRXSR?HWF\NOĤ
do lomu < 10
4
). 
 
 1D ]?NODGČ W\SX QHYUDWQ?FK ]PČQ NWHU? MVRX ]SĤVREHQ\ F\NOLFNRX SODVWLFNRX
GHIRUPDF? O]H FHO? ?QDYRY? SURFHV UR]GČOLW QD WĜL ?DVRYČ Q?VOHGXM?F? D GR MLVW? P?U\
SĜHNU?YDM?F?VHVW?GLD? obr. 2 [1]. 
 
a) 6W?GLXP ]PČQ PHFKDQLFN?FK YODVWQRVW? 7RWR VW?GLXP MH GHWHUPLQRY?QR
]PČQDPL Y FHO?P REMHPX ]DWČ?RYDQ?KRPDWHUL?OX. 0ČQ? VH KXVWRWD NRQILJXUDFH
PĜ??NRY?FKSRUXFKD?PČUQČWRPXWRLPHFKDQLFN?YODVWQRVWL 
 
b) Stadium nukleace trhlin7?N?VHMHQYHOPLPDO???VWL] FHONRY?KRREMHPXD to 
SRYUFKRY? YUVWY\ 6SROH?Q?P ]QDNHP Y?HFK W\SĤ QXNOHDFH Y SRYUFKRY?FK
YUVWY?FK MH NRQFHQWUDFH F\NOLFN? SODVWLFN? GHIRUPDFH -LQ? VLWXDFH PĤ?H QDVWDW
v P?VWHFK VWUXNWXUQ?FK QHKRPRJHQLW GXWLQ VWD?HQLQ YPČVWNĤ NWHU? PRKRX
LQLFLRYDWQXNOHDFLWUKOLQSĜHGQRVWQČY MHMLFKEO?]NRVWLEH]RKOHGXQDWR]GD-li  jsou 
v EO?]NRVWLpovrchu.  
 
c) 6W?GLXP ??ĜHQ? WUKOLQ 2EGREQČ MDNR Y SĜHGFKR]?P VW?GLX MVRX UR]KRGXM?F?
SURFHV\ WRKRWR VWDGLD RVWĜH ORNDOL]RY?Q\ GR PDO? ??VWL FHONRY?KR REMHPX 3UR
??ĜHQ??QDYRY?FKWUKOLQMVRXUR]KRGXM?F?QDSČĢRY?SRGP?QN\QD?SLFLWUKOLQ\9??H
]P?QČQ? ]QDPHQ? ?H SURFHV ??ĜHQ? MH GHWHUPLQRY?Q YODVWQRVWPL SODVWLFN? ]?Q\
SĜHG ?SLF? WUKOLQ\ NWHU? VN?W? Y\VRNRXNRQFHQWUDFL F\NOLFN? SODVWLFN? GHIRUPDFH 
[1]. 
 
Obr. 2 6W?GLD?QDYRY?KRSURFHVX [1]
Kapitola 2. ? 6W?GLXP]PČQPHFKDQLFN?FKYODVWQRVW? 3 
2 67?',80=0ċ10(&+$1,&.?&+9/$671267? 
 
2.1 0HFKDQLFN?YODVWQRVWL 
 
2.1.1 &\NOLFN?]SHYQČQ?D]PČN?HQ? 
 
3ĜLF\NOLFN?P]DWČ?RY?Q?NRYĤDVOLWLQGRFK?]?Y GĤVOHGNX]PČQY PLNURVWUXNWXĜH  
PDWHUL?OXNH]PČQ?P MHMLFKPHFKDQLFN?FKHOHNWULFN?FKPDJQHWLFN?FKD MLQ?FK Iyzik?OQ?FK
YODVWQRVW?&HO? ĜDGD H[SHULPHQW?OQ?FKSUDF? XN?]DOD ?HY?HFKQ\ W\WR ]PČQ\PDM? ]SUDYLGOD
s\W?F? FKDUDNWHU MHQ? MHQHMSDWUQČM??QD]D??WNXF\NOLFN?KR]DWČ?RY?Q? DNWHU?]WU?F?QD VY?
LQWHQ]LWČV URVWRXF?PSR?WHPF\NOĤ3RSRPČUQČPDO?PSR?WXF\NOĤYHVURYQ?Q?V celkovou 
?LYRWQRVW?]PČQ\YHOL?LQXVWDQRX]FHODQHERMVRXMHQQHY?UD]Q?. 
=H ]P?QČQ?FK SURFHVĤ MVRX QHMY?FH SR]RURYDQ? ]PČQ\PHFKDQLFN?FKYODVWQRVW?1D
WRPWRP?VWČVHEXGHPHYČQRYDWSRX]HWČPYODVWQRVWHPNWHU?FKDUDNWHUL]XM?RGSRUPDWHUL?OX
SURWL GHIRUPDFL Y\YRODQ? YQČM??P VLORY?P SĤVREHQ?P 2GSRU PDWHUL?OX SURWL F\NOLFN?
GHIRUPDFL PĤ?H Y SUĤEČKX ?QDYRY?KR SURFHVX UĤVW QHER NOHVDW D WR Y ]?YLVORVWL QD W\SX
PDWHUL?OXQDSRGP?QN?FK]DWČ?RY?Q?DQDWHSORWČ[1]. 
-HGQ?P ]H ]?NODGQ?FK FKDUDNWHULVWLFN?FK U\VĤ ?QDYRY?KR SR?NR]HQ? NWHU? PĤ?HPH
pozorovat je ORNDOL]DFHF\NOLFN?SODVWLFN?GHIRUPDFHGRS?VĤNWHU?QD]?Y?PHSHU]LVWHQWQ?mi 
skluzov?PL S?V\ 3639 GĤVOHGNXY\VRN?DPSOLWXG\SODVWLFN?GHIRUPDFHY PSP vzhledem 
k  RNROQ? PDWULFL Y]QLNDM? v P?VWHFK NGH Y\FK?]HM? 363 QD SRYUFK PDWHUL?OX SHU]LVWHQWQ?
VNOX]RY? VWRS\ 366 366 FKDUDNWHUL]XMH Y?UD]Q? SRYUFKRY? UHOL?I QHM?DVWČML v SRGREČ
?SRKRĜ??D??GRO?? SURNWHU?VHY?LOSRMHP  extruzH??VWLY\VWXSXM?F?QDGSĤYRGQ?SRYUFK a 
intruzH??VWL SRGSĤYRGQ?PSRYUFKHP. S URVWRXF?PSR?WHPF\NOĤH[WUX]Hrostou a intruze se 
SURKOXEXM? ,QWUX]H MVRX]Q?P\ MDNRSĜLUR]HQ?NRQFHQWU?WRU\QDSČW?DGHIRUPDFH9 SUĤEČKX
Q?VOHGXM?F?F\NOLFN?GHIRUPDFHGRFK?]?N QXNOHDFLQRY?FK?QDYRY?FK WUKOLQD WRSĜHGQRVWQČ
v P?VWHFK MHMLFKNRĜHQĤ+XVWRWDQXNOHRYDQ?FK WUKOLQ URVWH VH VWXSQČPDSOLNRYDQ?SODVWLFN?
deformace [3]. 
 
1HMOHS?? D QHMDGHNY?WQČM?? ]SĤVRE GHWHNFH ]PČQ PHFKDQLFN?FK YODVWQRVW? MH SĜ?P? PČĜHQ?
SDUDPHWUĤK\VWHUH]?FKNĜLYHN]DFKRGX]NX?HEQ?ho stroje. Na obr. 3 je schematicky zakreslena 
K\VWHUH]Q? VP\?ND V DPSOLWXGRX QDSČW? ıa, DPSOLWXGRX FHONRY? GHIRUPDFH İat, amplitudou 
SODVWLFN? GHIRUPDFH İap D DPSOLWXGRX HODVWLFN? GHIRUPDFH İae0RGHUQ? HOHNWURQLFN\ Ĝ?]HQ?
?QDYRY? VWURMH ]SUDYLGOD XPR?ĖXM? XGU?RYDW Y pUĤEČKX ]DWČ?RY?Q? EXćWR NRQVWDQWQ?
DPSOLWXGX QDSČW? QHER DPSOLWXGX FHONRY? GHIRUPDFH SRSĜ?SDGČ L DPSOLWXGX SODVWLFN?
GHIRUPDFHSĜL]DWČ?RY?Q?WDK-WODN7\WRSĜ?VWURMHXPR?ĖXM?WDN?XGU?RYDWNRQVWDQWQ?KRGQRW\
SĜ?VOX?Q?FKPRPHQWĤDY?FK\OHNY SĜ?SDGČMLQ?FK]SĤVREĤ]DWČ?RY?Q? 
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Obr. 3 6FK?PDK\VWHUH]Q?VP\?N\ [1] 
 
 
3ĜLF\NOLFN?P]DWČ?RY?Q?V NRQVWDQWQ?DPSOLWXGRXQDSČW?VHPĤ?HPČQLWMHQDPSOLWXGD
deformace. Pokud amplituda deformace s SR?WHP F\NOĤ NOHV? MGH R SĜ?SDG F\NOLFN?KR
]SHYQČQ? REU D. CyklicN? ]PČN?HQ? VH QDRSDN Y\]QD?XMH UĤVWHP DPSOLWXG\ GHIRUPDFH
(obr. 4b). 
 3UR UH?LP ]DWČ?RY?Q? V NRQVWDQWQ? DPSOLWXGRX GHIRUPDFH DĢ ML? FHONRY? QHER
SODVWLFN? VH PČQ? MHQ DPSOLWXGD QDSČW? =GH MVRX GHILQLFH ]SHYQČQ? D ]PČN?HQ? MH?WČ
SRGVWDWQČQ?]RUQČM??&\NOLFN?]SHYQČQ?VHSURMHYXMHUĤVWHPDPSOLWXG\QDSČW?? URVWHQDSČW?
SRWĜHEQ?N GRVD?HQ?W??HGHIRUPDFHREUFF\NOLFN?]PČN?HQ?MHQDRSDNFKDUDNWHUL]RY?QR
SRNOHVHPDPSOLWXG\QDSČW?? NOHV?QDSČW?SRWĜHEQ?N GRVD?HQ?W??HGHIRUPDFHREUG [1].  
 
   
 
Obr. 4 'HILQLFHF\NOLFN?KR]SHYQČQ?D]PČN?HQ?SURUĤ]Q?UH?LP\]DWČ?RY?Q?[1] 
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6WULNWQČ Y]DWR PĤ?HPH ?DVWR NH NRQFL ?LYRWQRVWL Y]RUNX YLGČW GDO?? ]PČQ\ QD NĜLYN?FK
]SHYQČQ??L]PČN?HQ?7\WR]PČQ\Y?DNVRXYLV?V UĤVWHPPDNURVNRSLFN?FK?QDYRY?FKWUKOLQ
a QHPDM?WHG\??GQRXVRXYLVORVWVH]PČQDPLYODVWQRVW?FHO?KRREMHPXY]RUNX 
 V SUĤEČKX]SHYQČQ??L]PČN?HQ?VHWDN?PČQ?SORFKDDWYDUK\VWHUH]Q?VP\?N\$Y?DN
v ??GQ?P SĜ?SDGČ QHPĤ?HPH KRYRĜLW R RSWLP?OQ?FK FKDUDNWHULVWLN?FK WČFKWR SURFHVĤ
3Ĝ?NODGHPPĤ?HE?WF\NOLFN?]SHYQČQ?SĜL UH?LPX]DWČ?RY?Q?ıa = konst.NWHU? se projevuje 
SRNOHVHP DPSOLWXG\ GHIRUPDFH 3ĜL UH?LPX ]DWČ?RY?Q? İae = konst. se F\NOLFN? ]SHYQČQ?
SURMHYXMH UĤVWHP DPSOLWXG\ QDSČW? 9 SUY?P SĜ?SDGČ SORFKD K\VWHUH]Q? VP\?N\ NOHV?
v GUXK?PSĜ?SDGČURVWHD?NROLYMGHRWHQW??SURFHVRSURFHVF\NOLFN?KR]SHYQČQ? 
 &HO? ĜDGDH[SHULPHQW?OQ?FKPČĜHQ?F\NOLFN?ho ]SHYQČQ?D]PČN?HQ?SURYHGHQ?FKQD
UĤ]Q?FKPDWHUL?OHFK a ]DUĤ]Q?FK]DWČ?RYDF?FKSRGP?QHNvedla k Y\WYRĜHQ?ERKDW? GDWDE?]H
LQIRUPDF? R WČFKWR SURFHVHFK 7\WR LQIRUPDFH Q?P XPR?ĖXM? VKUQRXW UR]KRGXM?F? SR]QDWN\
z KOHGLVNDW\SXPDWHUL?OX GRQČNROLNDERGĤ: 
 
a) &\NOLFN? ]SHYQČQ? MH W\SLFN? SUR PDWHUL?O\ Y\??KDQ? &\NOLFN? ]PČN?HQ? MH
QDRSDN W\SLFN? SUR PDWHUL?O\ ]SHYQČQ? QČNWHU?P ]H ]Q?P?FK ]SĤVREĤ QDSĜ 
GHIRUPD?Q?]SHYQČQ?SUHFLSLWD?Q?]SHYQČQ?]SHYQČQ?PDUWHQVLWLFNRXWUDQVIRUPDF?
GLVSHU]Q?]SHYQČQ?GDQ?FL]?PL??VWLFHPLY PDWULFLD]SHYQČQ?SĜ?PČURY?PLDWRP\
K F\NOLFN?PX ]PČN?HQ? WDNWR ]SHYQČQ?FK PDWHUL?OĤ PĤ?H D QHPXV? GRM?W ? 
v ]?YLVORVWL QD VWDELOLWČ SĜHGFKR]?KR ]SHYQČQ? D QD SRGP?QN?FK ]DWČ?RY?Q?
Z KOHGLVND SUDNWLFN?KR SRX?LW? PDWHUL?OĤ MH F\NOLFN? ]PČN?HQ? ]SUDYLGOD MHY
QH??GRXF? 
 
b) 1D ]?NODGČ ?GDMĤ ] REODVWL Q?]NRF\NORY? ?QDY\ E\OR IRUPXORY?QR HPSLULFN?
SUDYLGOR NWHU? XPR?ĖXMH V dobroX SUDYGČSRGREQRVW? SĜHGSRYČGČW ] NRQYHQ?Q?FK
WDKRY?FKSDUDPHWUĤ]GD-li  EXGHPDWHUL?OF\NOLFN\]SHYĖRYDWQHER]PČN?RYDW[4]. 
3RNXG SRPČU SHYQRVWL ıPt k PH]L NOX]X ıKt je ıPt  ıKt > 1,4, pak dojde 
k F\NOLFN?PX]SHYQČQ?. Pokud  ıPt ıKt < 1,2, dojde k cykOLFN?PX]PČN?HQ?3UR
hodnoty tohRWR SRPČUX OH??F? PH]L PH]L  D  QHQ? F\NOLFN? FKRY?Q? MLVW?
0DWHUL?O E\ Y?DN PČO E?W SRPČUQČ VWDELOQ? EH] Y?UD]Q?KR F\NOLFN?KR ]SHYQČQ?      
L]PČN?HQ?7RWRHPSLULFN?SUDYLGORE\OR]?VN?QRQD]?NODGČH[SHULPHQWXY oblasti 
Q?]NRF\NORY??QDY\DSODW?MHQSURQ?]NRF\NORYRX?QDYX 
 
c) 8 QČNWHU?FK PDWHUL?OĤ GRFK?]? SĜL F\NOLFN? GHIRUPDFL NH NRPSOLNRYDQČM??P
]PČQ?P ? N VXSHUSR]LFL ]SHYQČQ? D ]PČN?HQ? 1HMY?UD]QČM?? ] W?WR VNXSLQ\
PDWHUL?OĤMVRXNRY\V prodlevou na mezi kluzu. 
 
d)  -HGQ?P ] QHMGĤOH?LWČM??FK SDUDPHWUĤ RYOLYĖXM?F?P G?ONX WUY?Q? F\NOLFN?KR
]SHYQČQ? D ]PČN?HQ? MH FKDUDNWHU VNOX]X GDQ?KR PDWHUL?OX = toho pohledu je 
PR?Q? UR]GČOLW NRY\ D VOLWLQ\ QD GYČ VNXSLQ\ QD NRY\ V YOQLW?P FKDUDNWHUHP
VNOX]X QDSĜ&X$O1L)HXKO?NRY?RFHOL a na kovy s SODQ?UQ?PFKDUDNWHUHP
VNOX]XQDSĜ)H-6LDXVWHQLWLFN?RFHOLĮ-PRVD]+UXE?PNULW?ULHPSURGČOHQ?MH
]GH FKDUDNWHU VNOX]RY?FK ?DU QD SRYUFKX Y]RUNX MHGQRVPČUQČ GHIRUPRYDQ?FK
Vezmeme-li v ?YDKX SRGVWDWX VNOX]RY?FK SURFHVĤ v kovech, je v PDWHUL?OHFK
s YOQLW?P FKDUDNWHUHP VNOX]X GRVWDWH?QČ ?HWQ? D WHG\ L VQDGQ? SĜ??Q? VNOX]
GLVORNDF? 0DWHUL?O\ V SODQ?UQ?P FKDUDNWHUHP VNOX]X VH QDRSDN Y\]QD?XM?
REW??Q?PSĜ??Q?PVNOX]HPGLVORNDFL6QDGQRVWSĜ??Q?KRVNOX]XMHRYOLYQČQDĜDGRX
SDUDPHWUĤ ] QLFK? QH Y?HFKQ\ MVRX GRVWDWH?QČ ]Q?P\ 3RPČUQČ MHGQRGXFK? MH
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situace v SĜ?SDGČ MHGQRI?]RY?FKNRYĤV NXELFNRXSOR?QČVWĜHGČQRXPĜ??NRX MDNR
QDSĜ&X$OĮ-mosaz. V WRPWRSĜ?SDGČ MHPR?QRG?W VFKRSQRVWSĜ??Q?KRVNOX]X
do relace s HQHUJL? YUVWHYQ? FK\E\ ??P Y\??? MH HQHUJLH YUVWHYQ? FK\E\ W?P
VQDGQČM?? MHSĜ??Q?VNOX]GLVORNDF?D W?PY?FHP?PDWHUL?OYOQLW?FKDUDNWHUVNOX]X
[1]. 
 
2.2 Mikrostruktura 
 
9?HFKQ\SRFKRG\] KOHGLVND?QDYRY?KRSURFHVX MVRXSRGP?QČQ\ VWĜ?GDYRXSODVWLFNRX
GHIRUPDF?3ODVWLFN?GHIRUPDFH MHREHFQČG?QDSRK\EHPGLVORNDF?D WRW??SODW? LSURSĜ?SDG
VWĜ?GDY? SODVWLFN? GHIRUPDFH 3URFHV\ F\NOLFN?KR ]SHYQČQ? ]PČN?HQ? L Y?VOHGQ? YODVWQRVWL
v VDWXURYDQ?P VWDYX MVRX WHG\ XU?HQ\ SRK\EHP JHQHUDF? D LQWHUDNFHPL GLVORNDF? DĢ ML?
Y]?MHPQ?PLQHERV MLQ?PLW\S\SRUXFKPĜ??N\3RK\EGLVORNDF?MHG?OHRYOLYQČQSĜ?WRPQRVW?
SUHFLSLW?WĤ FL]?FK ??VWLF KUDQLF ]UQ DSRG 0Ĥ?HPH R?HN?YDW ?H Y SUĤEČKX F\NOLFN?
GHIRUPDFH EXGH GRFK?]HW QHMHQ NH ]PČQ?P Y NRQILJXUDFL D KXVWRWČ GLVORNDF? DOH WDN? NH
zPČQ?PY UR]OR?HQ?DPRUIRORJLL MLQ?FK W\SĤSĜHN??HN'RWRKRWRGUXK?KR W\SX]PČQSDWĜ?
QDSĜ ]PČQ\PRUIRORJLH SUHFLSLW?WĤ NWHU? ?]FH VRXYLV? V GLI?]Q?PL SRFKRG\ D G?OH I?]RY?
WUDQVIRUPDFHLQGXNRYDQ?F\NOLFNRXGHIRUPDF?[1].  
 
2.2.1 'LVORND?Q?VXEVWUXNWXUD 
 
DisORND?Q? VXEVWUXNWXU\ Y ??KDQ?P VWDYX D YH VWDYX WY?ĜHQ?P MVRX Y?UD]QČ RGOL?Q?
Bez ohledu na detaily, NWHU?PL VH OL?? UĤ]Q? PDWHUL?O\ MH GLVORND?Q? VXEVWUXNWXUD
ve vy??KDQ?P VWDYX W\SLFN? PDORX KXVWRWRX GLVORNDF? ]SUDYLGOD Ĝ?GX 6 D? 8 cm-2. Na 
VWUDQČ GUXK? MH GLVORND?Q? VXEVWUXNWXUD WY?ĜHQ?KR PDWHUL?OX W\SLFN? Y\VRNRX KXVWRWRX
GLVORNDF?Ĝ?GX9 D?10 cm-2  SURQ?]N?VWXSQČWY?ĜHQ?D10 D?13 cm-2 SURY\VRN?VWXSQČ
WY?ĜHQ? 
9?VOHGQ?GLVORND?Q?VWUXNWXU\GLVORND?Q?VWUXNWXU\Y VDWXURYDQ?PVWDYX]?YLV?QHMHQ
QDDPSOLWXGČ]DWČ?RY?Q?DOHLQDW\SXPDWHUL?OX= UR]V?KO?KRPQR?VWY?OLWHU?UQ?FK?GDMĤO]H
vyvodit tezi ?H ] PDWHUL?ORY?FK SDUDPHWUĤ MH SUR W\S VDWXURYDQ? GLVORND?Q? VWUXNWXU\
UR]KRGXM?F? FKDUDNWHU VNOX]XGDQ?KRPDWHUL?OX WHG\ VWXSHĖREW??QRVWL ?L VQDGQRVWL SĜ??Q?KR
skluzu. S QHSĜ?OL? YHON?P ]MHGQRGX?HQ?P MH SDN PR?QR NRQVWDWRYDW ?H W\S\ GLVORND?Q?FK
struktur v VDWXURYDQ?P VWDYX MVRX XU?HQ\ MHQ GYČPD YHOL?LQDPL ? DPSOLWXGRX ]DWČ?RY?Q? D
VQDGQRVW?SĜ??Q?KRVNOX]X 
1HSĜHVQČGHILQRYDQ?SRMHPVQDGQRVWSĜ??Q?KRVNOX]X lze v SĜ?SDGČNRYĤV kubickou 
SOR?QČ FHQWURYDQRX PĜ??NRX G?W GR VRXYLVORVWL V SĜHVQČ GHILQRYDQ?P SRMPHP HQHUJLH
YUVWHYQ?FK\E\7RXPR?ĖXMHSĜHVQČM??Y\PH]HQ?W\SXVDWXURYDQ?FKGLVORND?Q?FKVWUXNWXU1D
]?NODGČ YHON?KR PQR?VWY? H[SHULPHQW?OQ?FK ?GDMĤ MH PR?QR W\S\ GLVORND?Q?FK VWUXNWXU
Y\M?GĜLWYHIRUPČMHGQRGXFK?KRVFKHPDWLFN?KRdiagramu (obr. 5NWHU?VSRMXMHW\S\VWUXNWXU
s energi? YUVWHYQ? FK\E\ NWHU? MH SĜ?PR ?PČUQ? VQDGQRVWL SĜ??Q?KR VNOX]X D V FHONRY?P
SR?WHPF\NOĤGR ORPXNWHU?MHY MHGQRGXFK?PVWDYXV DPSOLWXGRX]DWČ?RY?Q? [1].  
 
([LVWXM?WĜLREODVWLV Y?UD]QČVHRGOL?XM?F?PLW\S\VWUXNWXU 
 
a) V oblasti A, tedy v REODVWL Y\???FK HQHUJL? YUVWHYQ? FK\E\ D Y\???FK ?LYRWQRVW?
PDO?FKDPSOLWXGMVRXW\SLFNRXVWUXNWXURXVKOXN\?LS?V\GLVORNDF?7\WRVKOXN\
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Y?DN QHMVRX Y]?MHPQČ SURSRMHQ\ D PH]L GLVORND?Q?PL VKOXN\ OH] SR]RURYDW
GLVORNDFH MHQ RMHGLQČOH 6KOXN\ MVRX G?OH W\SLFN? W?P ?H NURP NRPSOLNRYDQČ
SURSOHWHQ?FKGLVORND?Q?FKVHJPHQWĤREVDKXM?YHON?PQR?VWY?GLVORND?Q?FK GLS?OĤ
DGLVORND?Q?FKVP\?HN7\WRPDO?GLVORND?Q?VP\?N\RSUĤPČUXĜ?GRYČVWRYHN?
MVRX?DVWRYLGČW LY REODVWHFKPH]LVKOXN\D WR]HMP?QDXNRYĤV velmi vysokou 
energi? YUVWHYQ?FK\E\ 
 
b) Oblast B ? REODVWY\???FKHQHUJLLYUVWHYQ?FK\E\DQ?]N?FK?LYRWQRVW?Y\VRN?FK
DPSOLWXG MH FKDUDNWHUL]RY?QD EXĖNRYRX VWUXNWXURX 'LVORNDFH Y\WY?ĜHM? VWČQ\
SURVWRURYČX]DYĜHQ?FKEXQČN YHNWHU?FKMH]QD?QČY\VRN?KXVWRWDGLVORNDF? 
 
 
c) Oblast C ? REODVWQ?]N?FKHQHUJL?YUVWHYQ?FK\E\ MHY FHO?P UR]VDKX?LYRWQRVWL
chaUDNWHUL]RY?QD URYLQQ?PL ĜDGDPL GLVORNDF? 'LVORNDFH se v GĤVOHGNX W?PČĜ
QHPR?Q?KRSĜ??Q?KRVNOX]XGU??VY?FKVNOX]RY?FKURYLQDQHPRKRXWHG\Y\WY?ĜHW
SURVWRURY?VKOXN\DQLSURVWRURY?EXĖN\'LVORND?Q?VP\?N\,  MHMLFK?WYRUEDURYQČ?
Y\?DGXMHSĜ??Q?VNOX]Msou v W?WRREODVWLYHOPLQHSR?HWQ? 
 
7HQWR]?NODGQ?GLDJUDPW\SĤVWUXNWXUREU5) SODW?MHQSURSĜ?SDG\KRPRJHQQ?QDSMDWRVWLDSUR
MHGQRI?]RY?NRY\V NXELFNRXSOR?QČFHQWURYDQRXPĜ??NRX/]HMHMY?DNV XU?LW?PRPH]HQ?P
SRX??WLSURQHKRPRJHQQ?QDSMDWRVWD SURMLQ?W\S\NRYĤ[1]. 
 
 
Obr. 5 7\S\YQLWĜQ?FKGLVORND?Q?FKVWUXNWXUY ]?YLVORVWL 
QDHQHUJLLYUVWHYQ?FK\E\DQDSR?WXF\NOĤGRORPX [1] 
 
 
 
Kapitola 3. ? 6W?dium nukleace ?QDYRY?FKWUKOLQ 8 
3 67?',8018./($&(?1$92V?&+75+/,1 
 
Z SUD[HMHGREĜH]Q?PR?H?QDYRY?SURFHVMHYHOPLFLWOLY?QDVWDYSRYUFKX?QDYRY?
?LYRWQRVWMHtedy Y?UD]QČRYOLYQLWHOQ?SRYUFKRY?P]SUDFRY?Q?P'ĤYRGHPN W?WRFLWOLYRVWLMH
IDNW?HQXNOHDFH?QDYRY?FK WUKOLQSURE?K?Y?G\QDYROQ?PSRYUFKXF\NOLFN\]DWČ?RYDQ?FK
NRYĤ D WR Y P?VWHFK NRQFHQWUDFH F\NOLFN? SODVWLFN? GHIRUPDFH .RQFHQWUDFH SODVWLFN?
GHIRUPDFH VDPR]ĜHMPČ VRXYLV? V NRQFHQWUDF? QDSČW? 9 SĜ?SDGČ WYDURYDQ?FK VRX??VW?
s makroskoSLFN?PL NRQFHQWU?WRU\ QDSČW? QDSĜ vruby) MH GĤYRG H[LVWHQFH NRQFHQWUDFH
F\NOLFN?SODVWLFN?GHIRUPDFHQDYROQ?PSRYUFKXY NRĜHQLYUXEX]FHOD]ĜHMP?7RVDP? O]H
ale R?HN?YDWLY SĜ?SDGČKODGN?FKWČOHVXNWHU?FKY]QLNDM?Y SRYUFKRY?FKYUVWY?FKWUKOLQ\D
to z GĤYRGXH[LVWHQFHF\NOLFN?SODVWLFN?GHIRUPDFHNWHU?Y\WY?Ĝ?SRYUFKRY?UHOL?I>@ 
 
3.1  0?VWDQXNOHDFH?QDYRY?FKWUKOLQ 
 
ěDGD H[SHULPHQWĤ SURY?GČQ?FK SURVWĜHGQLFWY?P VYČWHOQ? PLNURVNRSLH D UHSOLND?Q?FK
WHFKQLN HOHNWURQRY?PLNURVNRSLH SURN?]DOR ?H N nukleaci ?QDYRY?FK trhlin XKRPRJHQQ?FK
PDWHUL?OĤ GRFK?]? Y?G\ QD YROQ?PSRYUFKX([LVWXMH MHGLQ? Y?MLPND ] tohoto pravidla, a to 
NRQWDNWQ??QDYD [1], NGHPLNURWUKOLQ\Y]QLNDM?Y P?VWHFKPD[LP?OQ?]PČQ\VP\NRY?KRQDSČW?
SRGSRYUFKHP8VRX??VWLVWUXNWXUQČQHKRPRJHQQ?FKQHQ?QXNOHDFHY?G\Y?]?QDQDSRYUFK
8 VRX??VWL V YQLWĜQ?PL JHRPHWULFN?PL GHIHNW\ QXNOHDFH URYQČ? QHPXV? E?W ]?OH?LWRVW?
SRYUFKRY?YUVWYy.  
 
3Ĝ?P?PHWRG\SR]RURY?Q?SRYUFKXXN?]DO\?HMVRXPR?Q?WĜLW\S\QXNOHD?Q?FK P?VW [1]: 
 
1) ?QDYRY?VNOX]RY?S?VPD ? QHM?DVWČMLVHXSODWĖXM?F?W\S 
 
2) Hranice zrn ? ]HMP?QDY SĜ?SDGČ?QDY\]D]Y??HQ?FKWHSORW, 
 
3) 5R]KUDQ? PH]L LQNOX]HPL D PDWULF? ? v SĜ?SDGČ QČNWHU?FK NRPHU?Q?FK
VOLWLQ D Y?FHI?]RY?FK PDWHUL?OĤ YH NWHU?FK VH Y\VN\WXM? WYUG? LQNOX]H R
Ĝ?GRYČPLNURQRY?YHOLNRVWL 
 
 
3UR Y?HFKQ\ W\WR W\S\ QXNOHDFH MH VSROH?Q? ?H MGH Y?G\ R P?VWD V NRQFHQWUDF? F\NOLFN?
SODVWLFN?GHIRUPDFHna povrchu vzorku.  
=?NODGQ?P mechanismem vzniku mikrotrhlin je nukleace v ?QDYRY?FK VNOX]RY?FK
S?VHFKDWRQHMHQ] GĤYRGX?HVHzde QHM?DVWČMLXSODWĖXMHDOHLSURWR?HLYODVWQ?QXNOHDFLQD
KUDQLF?FK ]UQ ?L QD UR]KUDQ? PH]L LQNOX]? D PDWULF? ]SUDYLGOD SĜHGFK?]? SRVWXSQ? WYRUED 
?QDYRY?FKVNOX]RY?FKS?VHP v EH]SURVWĜHGQ?EO?]NRVWLKUDQLFHQHERLQNOX]H7\SLFN?SĜ?NODG
363SR]RURYDQ?FKQDPRQRNU\VWDOXPČGLO]HYLGČWQDREU. 6) [1,5].  
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   (a)            (b) 
Obr. 6 'LVORND?Q?VWUXNWXUD ?QDYRYČSRUX?HQ?KRPRQRNU\VWDOXPČGL 
(a) iQGLYLGX?OQ?363; EPDNURVNRSLFN?SRKOHGQD363 [5] 
 
 
3.2 3RYUFKRY?UHOL?IDMHKRVRXYLVORVWV SRGSRYUFKRY?PL strukturami  
 
Intenzita SRYUFKRY?KRUHOL?IXY SĜ?SDGČY?HFKNRYĤY]UĤVW?V URVWRXF?PSR?WHPF\NOĤD
s URVWRXF?DPSOLWXGRX]DWČ?RY?Q?&KDUDNWHUSRYUFKRY?KRUHOL?IXPHFKDQLVPXVMHKRWYRUE\D
jeho vztah k SRGSRYUFKRY?PVWUXNWXU?PMHRGOL?Q? v UĤ]Q?FKREODVWHFKGHILQRYDQ?Fh na obr. 
7 [1].  
 
3.2.1 Oblast A 
 
V REODVWL$ VH SRYUFKRY? UHOL?I WYRĜ? GvRXVWXSĖRYČ ]DSUY? MHPQ?m skluzem MHKR?
stopy lze pozorovat za pRPRF?UHSOLNDSRYUFKRY?ch I?OL? [18, 19]]DGUXK?MHWRKUXE?VNOX]
WHG\ SHU]LVWHQWQ? VNOX]RY? S?VPD V Y?UD]Q?PL H[WUX]HPL D LQWUX]HPL -HPQ? VNOX]RY? ??U\
Y]QLNDM?EČKHPSUYQ?KRVW?GLD?QDYRY?KRSURFHVX? EČKHP]SHYQČQ?QHER]PČN?HQ?+UXE?
skluz ? perzLVWHQWQ? S?VPD ? se objevuje teprve ke konci SUYQ?KR VW?GLD 6WUXNWXUD WČFKWR
S?VHP]ĜHMPČRGSRY?G?Y\???DPSOLWXGČGHIRUPDFHQH?VWUXNWXUDRNROQ?PDWULFH 
V REODVWL Q?]N?FK DPSOLWXG MH SUR MDN?NROLY NRY V Y\??? HQHUJL? YUVWHYQ? FK\E\
W\SLFNRX YQLWĜQ? VWUXNWXURX VWUXNWXUD ?LORY? 3UR WHQW?? NRY ]DWČ?RYDQ? Y REODVWL Y\VRN?FK
DPSOLWXG MH W\SLFNRX YQLWĜQ? VWUXNWXURX VWUXNWXUD EXĖNRY? 363 MH WDNW?? s EXĖNRYRX
VWUXNWXURX 7?WR EXĖNRY? REODVWL RGSRY?G? WHG\ Y\??? DPSOLWXGD ]DWČ?RY?Q? QH? Y RNROQ?
PDWULFL-LQ?PL VORY\WDWRS?VPDUHSUH]HQWXM?QHKRPRJHQQČ UR]OR?HQou cyklickou plastickou 
deformaci.  
PSP lze pozorovat na povrchu ML?SRXEČKQXW?QČNROLNDP?ORcyklĤ, a to EH]SURVWĜHGQČ
SRW?FRGRMGHN Y\WYRĜHQ?YQLWĜQ? VWUXNWXU\. Z SĜHGFKR]?KRY\SO?Y??H363QHMVRX WYRĜHQ\
MHQ QRYČ JHQHURYDQ?PL GLVORNDFHPL DOH WDN? WUDQVIRUPRY?Q?P YQLWĜQ? S?VRY? VWUXNWXU\ QD
VWUXNWXUX EXĖNRYRX .LQHWLNX WYRUE\ SRYUFKRY?KR UHOL?IX VL O]H YH Y\??KDQ?P PDWHUL?OX
SĜHGVWDYLWWDNWRQDSR??WNX]DWČ?RY?Q?VHPČQ? YQLWĜQ?VWUXNWXUDY FHO?PREMHPXDVRX?DVQČ
Y]QLNDM? MHPQ?VNOX]RY?VWRS\ MDNRGĤVOHGHNY\?VWČQ? GLVORNDF?na povrchu  krystalu. Tento 
SURFHV YHGH MHGQDN NH ]SHYQČQ? FHO? PDWULFH D G?OH k Y\WYRĜHQ? PLNURYUXEĤ QD SRYUFKX
VWRS\MHPQ?KRVNOX]X8SRYUFKXMVRXMLQ?QDSČĢRY?SRGP?QN\QH?XYQLWĜNU\VWDOX? proto 
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PĤ?HQDSČW?QDSRYUFKXQHERXSRYUFKXSĜHNUR?LWY RVWĜHORNDOL]RYDQ?FKREODVWHFKSUĤPČUQ?
QDSČW? 'LVORND?Q? VWUXNWXUD  v WČFKWR RVWĜH ORNDOL]RYDQ?FK REODVWHFK PXV? UHDJRYDW QD
]Y??HQ? QDSČW? 9 PDWHUL?OHFK VH VQDGQ?P SĜ??Q?P VNOX]HP MH WDWR UHDNFH VQDGQ? D YHGH
k Y\WYRĜHQ? QRY?KR W\SX VWUXNWXU\ ? VWUXNWXU\ 363 YH NWHU?FK MH L DPSOLWXGD SODVWLFN?
GHIRUPDFH Y\??? QH? Y RNROQ? PDWULFL 7YRUEa H[WUX]? D LQWUX]? je SRYD?RY?QD ]D GĤVOHGHN
]Y??HQ?SODVWLFN?GHIRUPDFHY S?VHFK [1, 3, 49]7RY?DNYHGHVRX?DVQČN UR]?LĜRY?Q?PSP a 
k MHMLFK SRVWXSQ?PX SURUĤVW?Q? GR KORXEN\ PDWHUL?OX VH VRX?DVQ?P ]Y?UD]ĖRY?Q?P
SRYUFKRY?KRUHOL?IX 
8Y???PH-OL?HVWČQ\EXQČN (GLVORND?Q?VWUXNWXUDNWHURXMVRXWYRĜHQ\363Y oblasti A)  
MVRXSURSRK\EXM?F? VHGLVORNDFHQHSURSXVWQ?]G?VHnejSUDYGČSRGREQČM??SRYD?RYDW WYRUEX
KUXE?KR SRYUFKRY?KR UHOL?IX ]D GĤVOHGHN VNOX]RY?FK SURFHVĤ Y FHO?P S?VPX nebo skluzu 
S?VPDMDNRFHONXQH?]DGĤVOHGHNSURFHVĤSURE?KDM?F?FKMHQY EH]SURVWĜHGQ?EO?]NRVWLSRYUFKX 
[13, 14] XQLN?Q? SULVPDWLFN?FK GLVORND?Q?FK VP\?HN WYRĜHQ?FK QD GLVORNDF?FK
v EH]SURVWĜHGQ? EO?]NRVWL SRYUFKX; VSHFL?OQ? URWD?Q? SRK\E\ ?URXERY?FK GLVORNDF? [15, 17] 
apod.) [1]. 
 
3.2.2 Oblast B 
 
V W?WR REODVWL QHH[LVWXMH UR]G?O PH]L W\SHP YQLWĜQ? D W\SHP SRGSRYUFKRY? GLVORND?Q?
VWUXNWXU\ 3RYUFKRY? H[WUX]H D LQWUX]H MVRX XP?VWČQ\ SRG?O SUĤVH?QLF VNOX]RY? URYLQ\
s SRYUFKHP NU\VWDOX 7HQWR FKDUDNWHU SRYUFKRY?KR UHOL?IX D IDNW ?H EXĖN\ OH??
v UR]OL?LWHOQ?FK YUVWY?FK SRG?O VNOX]RY? URYLQ\ VPČU [?01] MH VWRSD VNOX]RY? Uoviny) 
QD]QD?XM? ?H L Y WRPWR SĜ?SDGČ MH QXWQR SUR Y?NODG WYRUE\SRK\ERY?KR UHOL?IX EU?W URYQČ?
v ?YDKXVS??HSRK\EFHO?FKYUVWHYWORX?ĢN\QHMP?QČMHGQ?EXĖN\QH?MHGQRGXFK?GLVORND?Q?
LQWHUDNFHDPHFKDQLVP\EH]SURVWĜHGQČXSRYUFKX[1]. 
 
3.2.3 Oblast C 
 
-HGLQ?P UR]G?OHP PH]L YQČM?? D SRGSRYUFKRYRX VWUXNWXURX MH SRQČNXG PHQ?? KXVWRWD
GLVORNDF? Y SRYUFKRY? YUVWYČ MHM?? WORX?ĢND MH QČNROLN D? QČNROLN GHV?WHN PLNURPHWUĤ 
7\SLFN?PSRYUFKRY?PUHOL?IHPY tomto SĜ?SDGČMHY?FH?LP?QČSUDYLGHOQ?SLORY?SURILOFR?
SĜLSRP?Q? NDUWRY? VNOX] 9]KOHGHP N Y\VRN?PX SR?WX F\NOĤ MH SDN L WHQWR PHFKDQLVPXV
VFKRSHQY?VW N SRPČUQČ Y?UD]Q?PXSRYUFKRY?PX UHOL?IX V H[WUX]HPL D LQWUX]HPL Y MHMLFK?
NRĜHQLSRW?SURE?K?VDPRWQ?nukleace [1]. 
 1D ]?NODGQČ WČFKWR SR]QDWNĤ O]H Ĝ?FL ?H ?QDYRY? SR?NR]HQ? YH VW?GL?FK
SĜHGFK?]HM?F?FKYODVWQ?QXNOHDFLWUKOLQMHG?QRSULP?UQČRVWURVW?D?HWQRVW?SRYUFKRY?FKYUXEĤ
Y]QLNO?FKVNOX]HPLQWUX]HDY PHQ??P?ĜHVWDYHPGLVORND?Q?VWUXNWXU\Y RNRO?WČFKWRYUXEĤ
[1]. 
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Obr. 7 7\S\SRYUFKRY?FKGLVORND?Q?ch struktur [1] 
 
3.3 Mechanismy nukleace mikrotrhlin 
 
3RGUREQ? ]ML?WČQ? SRYUFKRY? WRSRJUDILH F\NOLFN\ ]DWČ?RYDQ?FK PRQRNU\VWDOĤ NRYĤ PČGL
]QDORVWGLVORND?Q?VWUXNWXU\PDWULFHLSHU]LVWHQWQ?KRVNOX]RY?KRS?VXDLQIRUPDFHRSURGXNFL
DPLJUDFLERGRY?FKSRUXFKSĜLF\NOLFN?GHIRUPDFLG?YDM?PR?QRVWQDYUKQRXWUH?OQ?PRGHO\
LQLFLDFH?QDYRY?FKPLNURWUKOLQ 
 
'RVDYDGQ? PRGHO\ Y]QLNX SRYUFKRY?KR UHOL?IX D LQLFLDFH ?QDYRY?FK WUKOLQ
v PRQRNU\VWDOHFKNRYĤ>-@Y\FK?]HM?] SR]RURY?Q?GLVORND?Q?VWUXNWXU\363DY?DNMHMLch 
SUHGLNFHW?NDM?F?VHWYDUXSRYUFKRY?KRUHOL?IXQHMVRX ]FHODY?G\ v souladu s H[SHULPHQW?OQ?P
SR]RURY?Q?P=?NODGQ? LGHRXPRGHOX(VVPDQQD HW DO > 11, @ MH Y]QLN VWDWLFN? H[WUX]H
MHM??Y??NDMHGDQ?QDV\FHQRXNRQFHQWUDF?ERGRY?FKSRUXFKY PSP. V GĤVOHGNXW?WRVWDWLFN?
H[WUX]H GRFK?]? NH NRQFHQWUDFL QDSČW? QD KUDQLFL 363 D PDWULFH .URPČ W?WR NRQFHQWUDFH
Y]QLNDM?F? Y UDQQ?FK VW?GL?FK ?QDYRY?KR ?LYRWD GRFK?]? SRGOH 'LIIHUWD HW DO >@
k SRVWXSQ?PX KUXEQXW? SRYUFKRY?KR UHOL?IX  363 zSĤVREHQ?KR Q?KRGQ?P VNOX]HP NWHU?
vede k GDO?? NRQFHQWUDFL QDSČW? 1D GUXKRX VWUDQX Y?DN XYHGHQ? PRGHO LJQRUXMH
H[SHULPHQW?OQČSR]RURYDQ?H[WUX]H D LQWUX]H D O]H MHM VQDGQRDSOLNRYDWSRX]HSĜL H[WU?PQČ
Q?]N?FKWHSORW?FKNG\PĤ?HPH]DQHGEDWPLJUDFLY?HFKGUXKĤERGRY?FKSRUXch [6]. 
 
3URYODVWQ?QXNOHDFLPLNURWUKOLQE\ORH[SHULPHQW?OQČQDYU?HQR]QD?Q?PQR?VWY?PRGHOĤ[1, 6, 
21 - 25, 26 - 32]. =H]ML?WČQ?FKY?VOHGNĤMH]ĜHMP??HW\WRPHFKDQLVP\VHPRKRXXSODWĖRYDW
jen v QXNOHD?Q?FK P?VWHFK WHG\ Y NRĜHQL LQWUX]H Y ?QDYRY?FK VNOX]RY?FK S?VHFK QHER
v EO?]NRVWL LQNOX]H ?L Y RNRO? KUDQLFH ]UQD -HGQRX ]H ]?VDGQ?FK RW?]HN MH ]GD-li existuje 
YĤEHF ]ĜHWHOQ? UR]G?OPH]L RVWURX LQWUX]i DPLNURWUKOLQRX 3URWR WDN\ QČNWHU? ] QDYU?HQ?FK
PHFKDQLVPĤQHUR]OL?XM?PH]LLQWUX]LDPLNURWUKOLQRX9ČW?LQD] nich ale tyto dva NYDOLWDWLYQ?
UR]G?O\  UR]OL?XMH 
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Mechanismy nukleace lze v KUXE?FKU\VHFKUR]GČOLWGR?HVWLVNXSLQ 
 
(1) 0RGHO\QHUR]OL?XM?F?PH]LLQWUX]?DPLNURWUKOLQRX (May [21], Lin a Ito [22], 
Neumann [23] DGDO??8 WRKRWRSĜ?SDGX O]HY]QLNPLNURWUKOLQ\ FK?SDW MDNR
VSRMLW?SURUĤVW?Q?LQWUX]HGRKORXEN\DWRSRPRF?RSDNRYDQ?KRVNOX]XEXćQD
MHGQRP QHER GYRX VNOX]RY?FK V\VW?PHFK V SĜ?SDGČ VNOX]X Qa jednom 
VNOX]RY?PV\VW?PXMH]?NODGHPSĜHGVWDY\UHODWLYQ?SRK\EY?FHURYQREČ?Q?FK
?NDUHW?Rbr. 8). 
 
 
(2) 1XNOHDFH NĜHKN?P SUDVNQXW?P Y NRĜHQL LQWUX]H [1, 24] 7DWR SĜHGVWDYD
Y?UD]QČ UR]OL?XMH PH]L LQWUX]? D WUKOLQRX Y\FK?]? ] SĜ?P?KR SR]RURY?Q?
SRYUFKRY?FK YUVWHY SRPRF? UDVWURYDF?KR HOHNWURQRY?KR PLNURVNRSX
6RXKUQHPY?HFKGRSRVXG]Q?P?FKY?VOHGNĤGRVSČMHPHN ]?YČUX?HY P?VWČ
QXNOHDFH MVRX W\S\VWUXNWXUD W\S\SRYUFKRY?KR UHOL?IXVLOQČ]?YLVO?]HMP?QD
QDVQDGQRVWLSĜ??Q?KRVNOX]XDQDDPSOLWXGČ]DWČ?RY?Q? ,QLFLDFHPLNURWUKOLQ
]D??Q?Y?G\QDRVWU?FKLQWUX]?FKEH]RKOHGXQDW\SRNROQ?GLVORND?Q?VWUuktury. 
0Ĥ?HPH VH GRPQ?YDW ?H PLNURWUKOLQD VH Y\WYRĜ? WHKG\ NG\? NRQFHQWUDFH
QDSČW?NROHPLQWUX]?]?YLV?QDJHRPHWULLLQWUX]HQHPĤ?HE?WML?RGUHOD[RY?QD
VNOX]RY?PL SURFHV\ Q?VOHGN\ ]SHYQČQ? GRV?KQH WDNRY?KR VWXSQČ ?H
PD[LP?OQ? QDSČW? SĜHV?KQH PH]LDWRPRY? YD]HEQ? V?O\ 7DWR SĜHGVWDYD MH
]QD?QČ LOXVWUDWLYQ? -HM? QHMYČW?? VODELQRX MH WR ?H SĜHGSRNO?G? H[WU?PQČ
Y\VRNRXVLOQČORNDOL]RYDQRXNRQFHQWUDFLQDSČW?XNRĜHQHLQWUX]H 
 
 
 
Obr. 8 0RGHONDUWRY?KRVNOX]XY SHU]LVWHQWQ?PVNOX]RY?PS?VPX [1] 
 
 
 
(3) V]QLN WUKOLQ\ NRQGHQ]DF? YDNDQF? [25] 9\FK?]? ]H ]Q?P?KR IDNWX ?H
QČNWHU? GLVORND?Q? LQWHUDNFH YHGRX NH Y]QLNX YDNDQF? 3URWR?H ?QDYRY?
VNOX]RY?S?VPDMVRXREODVWLVHVW?ORXDQHMYČW??GLVORND?Q?DNWLYLWRXMHPR?Q?
?H SU?YČ Y WČFKWR S?VPHFK MH Y GĤVOHGNX GLVORND?Q?FK LQWHUDNF? NRQFHQWUDFH
YDNDQF?QHMYČW??9]QLNO?YDNDQFHPRKRXY\WY?ĜHWVKOXN\DGXWLQ\'XWLQXR
GRVWDWH?QČ YHOLNRVWL O]H ML? SRYD?RYDW ]D WUKOLQX 7HQWR PRGHO SULP?UQČ
SR?DGXMH GLI?]L YDNDQF? NWHU? MH ]QD?QČ ]?YLVO? QD WHSORWČ ěDGD
experiPHQW?OQ?FK SUDF? QDSĜ [33] XN?]DOD ?H ?QDYRY? SURFHV QXNOHDFH D
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??ĜHQ? WUKOLQ SURE?K? L ]D WHSORW\ . WHG\ ]D WHSORW\ SĜL NWHU? ML? GLI?]H
QHSURE?K?0R?QRVWGLI?]HYDNDQF?WHG\QHQ?QXWQRXSRGP?QNRXSURQXNOHDFL
WUKOLQFR?MH]?URYHĖQHMYČW??PDUJXPHQWHPSURWLYDNDQ?Q?PXPHFKDQLVPX 
 
 
(4) 'HNRKH]HNU\VWDOXSRG?OVNOX]RY?URYLQ\]SĤVREHQ?DNXPXODF?GLVORNDF? 
(Fujita [34], Oding [35])=?NODGQ? SĜHGVWDYRX MH ?H Y NULWLFN?FKP?VWHFK VH
Y\WY?Ĝ? WDNRY? NRQILJXUDFH GLVORNDF? NWHU? YHGH N ORN?OQ?PX ]Y??HQ? QDSČW?
QHER HQHUJLH GRVWD?XM?F? NH ]WU?WČ NRKH]H Y REODVWL QČNROLND D? QČNROLND
GHV?WHN ?.    
 
 
(5) NukleDFH QD KUDQLF?FK ]UQ 7UKOLQD PĤ?H Y EO?]NRVWL KUDQLFH Y]QLNQRXW
v ?QDYRY?P VNOX]RY?P S?VPX; SUR MHM? WYRUEX MVRX SDN DSOLNRYDWHOQ?
PHFKDQLVP\XYHGHQ?Y ERGHFKD?.URPČWRKRE\OQDYU?HQPHFKDQLVPXV
WYRUE\ LQWUX]H SĜ?PR QD KUDQLF?FK ]UQ ]H NWHU?FK VH PRKRX Y\YLQRXW
PLNURWUKOLQ\7HQWRH[SHULPHQW?OQČGROR?HQ?PRGHOO]HSRX??YDWMHQSURYHOPL
Y\VRN? DPSOLWXG\ ]DWČ?RY?Q? RGSRY?GDM?F? SR?WX F\NOĤ GR ORPX PD[LP?OQČ
Ĝ?GX 3. V WČFKWR SĜ?SDGHFK WDNWR Y\VRN?FK DPSOLWXG GRFK?]? N LQWHQ]LYQ?
F\NOLFN?SODVWLFN?GHIRUPDFLSUDNWLFN\FHO?SRYUFKRY?YUVWY\MHGQRWOLY?FK]UQ
V P?VWČKUDQLFH]UQDQHPĤ?HY?DNGHIRUPDFHSUREČKQRXW- F\NOLFN?SRVXQXW?
NROP? N povrchu v P?VWČ KUDQLFH MH W?PČĜ QXORY? 3URWR VH Y P?VWČ KUDQLFH
PĤ?HY\WY?ĜHWLQWUX]H[1].   
 
 
(6) 3URSRMHQ? LQWUX]?SRG?O363DY]QLNPČON?GORXK?SRYUFKRY? WUKOLQ\ [6, 
36]. V GĤVOHGNX RSDNXM?F? VH WYRUE\ SRUXFK YDNDQ?Q?KR W\SX Y PSP a jejich 
PLJUDFH MDN XYQLWĜ 363 WDN L VPČUHP ] 363 GR PDWULFH Y]QLN? WRN DWRPĤ
RSD?Q?P VPČUHP = WČFKWR LQIRUPDF? Y\SO?Y? ?H XYQLWĜ NDQ?OX SĜLE?Y?
KPRWD ]DW?PFR Y GLVORND?Q?FK VWČQ?FK GRFK?]? N WYRUEČ GRGDWH?Q?FK
QDSČĢRY?FK SRO? NWHU? MVRX Y?DN V\VWHPDWLFN\ UHOD[RY?QD SĜL F\NOLFN? 
plastick? deformaci.  V GĤVOHGNXMHMLFKVSROH?Q?KRSĤVREHQ?Y ORNDOLW?FKNGH
NDQ?O\Y\FK?]HM?QDSRYUFKNU\VWDOXGRFK?]?NHY]QLNXY\Y??HQLQ ? H[WUX]?
naopak v P?VWHFK NGH QD SRYUFK Y\FK?]HM? GLVORND?Q? VWČQ\ Y]QLNDM?
SURKOXEQČ? intruze (obr. 9). TeQWRSURFHVP?NXPXODWLYQ?FKDUDNWHUNG\SĜL
SRNUD?XM?F? F\NOLFN? SODVWLFN? deIRUPDFL GRFK?]? N UĤVWX H[WUX]L D
SURKOXERY?Q? LQWUX]? = WRKRWR KOHGLVND GRFK?]? G?N\ LQWHQ]LYQ? F\NOLFN?
SODVWLFN?GHIRUPDFLY PSP NHY]QLNXSUDYLGHOQČVHVWĜ?GDM?F?VWUXNWXU\H[WUX]?D
LQWUX]? D MHMLFK SURKOXERY?Q? 9]QLNO? H[WUX]H MVRX SRPČUQČ RVWU?
NRQFHQWU?WRU\QDSČW?DGHIRUPDFHYHVY?PRNRO?-HYHOPLSUDYGČSRGREQ??H
SĜLRSDNRYDQ?GHIRUPDFLGRMGHN SURSRMHQ?Y]QLNO?FKLQWUX]?SRG?O??VWL363D
WHG\NHY]QLNXPČON?DY?DNGORXK?SRYUFKRY?WUKOLQ\[3, 5, 6, 36]. 
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.   
Obr. 9 6FK?PDY]QLNO?FKH[WUX]?DLQWUX]?Y oblasti PSP [18] 
 
7\WRSRYUFKRY?WUKOLQ\REVDKXMHYČW?LQDY\YLQXW?FK3639ČW?LQDWUKOLQY]QLNO?FKSRG?O363
P? KORXENX MHQ QČNROLN ?P 'ORXK? SRYUFKRY? WUKOLQD ]SĤVREXMH NRQFHQWUDFL QDSČW? D
GHIRUPDFHQDVY?P?HOHSĜL?HP?NQHMYČW??NRQFHQWUDFLGRFK?]?XSURVWĜHG9]KOHGHPN WČPWR
VNXWH?QRVWHPVH WUKOLQDPĤ?H??ĜLWGRKORXEN\PDWHUL?OXDQDE?Y? SĤONUXKRY?KR WYDUX REU
10) [6,18].   
 
Obr. 10 Mechanismus nukleace poYUFKRY?FKPLNURWUKOLQ [18] 
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8 WDNWR Y]QLNO?FK GORXK?FK SRYUFKRY?FKPLNURWUKOLQ GRFK?]? N SRVWXSQ?PX ??ĜHQ? GRYQLWĜ
NU\VWDOXSĜL?HP?Y SUY?PRNDP?LNXVH??Ĝ?SĜHGQRVWQČSRG?O363DY?DNPRKRXVH ML?]?K\
RGFK?OLWRGVPČUXGDQ?KRSULP?UQ?VNOX]RYRXURYLQRXD SRNUD?RYDWY ??ĜHQ?NROPRQDKODYQ?
QDSČW?[6, 8]. 
 
1XNOHDFH WUKOLQ MH QHYUDWQ? GHJUDGD?Q? SURFHV NWHU? Y ?]N?P VORYD VP\VOX NRUHOXMH
s Y?]QDPQRX YUXERYRX WRSRJUDILL Y\VRFH ORNDOL]RYDQRX SODVWLFNRX GHIRUPDFL Y NRĜHQL
LQWUX]HDYKRGQ?PGLVORND?Q?PXVSRĜ?G?Q?PSRG?OSRYUFKRY?FKLQWUX]?. 
 
-HERKX?HOYHOPLQHMDVQ?GRMDN?KORXEN\DG?ON\PLNURWUKOLQ MHPR?Q?KRYRĜLWRQXNOHDFLD
RG NWHU?FK KRGQRW ML? R ??ĜHQ? PLNURWUKOLQ 1HQ? GRVWXSQ? ??GQ? NULW?ULXP Y\SO?YDM?F?
z SRGVWDW\SURFHVĤNWHU?E\ WRWRUR]GČOHQ?XPR?ĖRYDOR= WRKRGĤYRGX MVPHY?G\RGN?]?Q?
MHQQDNRQYHQFLYROE\G?ON\ WUKOLQ\NWHURXEXGHPHSRYD?RYDW]DNRQHFQXNOHD?Q?KRVW?GLD
[1]. 
 
 
4 67?',80??ě(1??1$929?&+75+/,1 
 
4.1 0HFKDQLVPXV??ĜHQ?WUKOLQ 
 
1XNOHD?Q? VW?GLXPNRQ??Y\WYRĜHQ?PSRYUFKRY?FKPLNURWUKOLQ7\WRPLNURWUKOLQ\ OH??
SRG?O DNWLYQ?FK VNOX]RY?FK URYLQ WHG\ SRG?O WČFK VNOX]RY?FK URYLQ Y QLFK? MH QHMYČW??
VNOX]RY? QDSČW? V Y?MLPNRX LQWHUNU\VWDOLFN?FK PLNURWUKOLQ 3ĜL MHGQRRV?P ]DWČ?RY?Q? MH
QHMYČW??VP\NRY?QDSČW?QDURYLQ?FKVY?UDM?F??KHO?V YHNWRUHPVPČUHPYQČM??KRQDSČW?
3URWR?H YH Y?HFK NRYHFK s NXELFNRX PĜ??NRX H[LVWXMH UHODWLYQČ YHON? SR?HW PR?Q?FK
VNOX]RY?FKURYLQMVRXDNWLYQ?W\MHMLFK?RULHQWDFHMHEO?]N?URYLQČPD[LP?OQ?KRVNOX]RY?KR
QDSČW?5RYLQDPLNURWUKOLQVY?U?WHG\SĜLEOL?QČ?V YHNWRUHPYQČM??KRQDSČW? 
V SUĤEČKXGDO??KRF\NOLFN?KR]DWČ?RY?Q?VHWUKOLQ\MHGQDNSURSRMXM?MHGQDNURVWRXG?OH
GRKORXEN\DWRSRG?ODNWLYQ?FKVNOX]RY?FKURYLQ9HON?YČW?LQDVHY?DN]?K\]DVWDYXMHDMHQ
PDO?SURFHQWRSURQLN?G?OHGRKORXEN\YČW??QH?GHV?WN\PLNURQĤ6 QDUĤVWDM?F?KORXENRXVH
WUKOLQ\ Y\FK\OXM? ] DNWLYQ?FK VNOX]RY?FK URYLQ D VW??HM? VH GR VPČUX NROP?KR N vektoru 
KODYQ?KR QDSČW? D QD MHMLFK ?HOH O]H GHWHNRYDW SODVWLFNRX ]?QX Y]QLNDM?F? ??LQNHP Y\VRN?
NRQFHQWUDFHQDSČW?7HQWRSĜHFKRGURYLQ\WUKOLQ\] DNWLYQ?VNOX]RY?URYLQ\GRURYLQ\NROP?
QDYQČM??QDSČW?VH?DVWRR]QD?XMHMDNRSĜHFKRG] NU\VWDORJUDILFN?KR??ĜHQ?WUKOLQ\SUYQ?HWDSD
??ĜHQ? GR QHNU\VWDORJUDILFN?KR ??ĜHQ? WUKOLQ\ GUXK? HWDSD ??ĜHQ? 9 W?WR HWDSČ VH ??Ĝ?
]SUDYLGODML?MHQMHGLQ?WUKOLQDQČNG\R]QD?RY?QDMDNRPDJLVWU?OQ?[1].  
 
'?OND WUKOLQ\ SĜL NWHU? GRFK?]? N SĜHFKRGX ] SUY? GR GUXK? HWDS\ ??ĜHQ? ]?YLV?
SĜHGHY??P QD GUXKXPDWHUL?OX D QD DPSOLWXGČ ]DWČ?RY?Q? ]SUDYLGOD QHQ? YČW?? QH? QČNROLN
desetin milimHWUX9?MLPNXWYRĜ?QČNWHU?VOLWLQ\QLNOXRY\VRN?SHYQRVWLXNWHU?FKMHG?OND
SUY?HWDS\SRGVWDWQČYČW??milimetry) DOHFNG\YĤEHFQHGRMGH GRGUXK?HWDS\DFHO???ĜHQ?D?
do lomu se odehraje v HWDSČ SUY? [37] ??P PHQ?? MH SUR GDQ? W\S PDWHUL?OX DPSOLtuda 
]DWČ?RY?Q? W?PYČW?? MHG?OND WUKOLQ\RGSRY?GDM?F?SUY?HWDSČ3URWR?HU\FKORVW??ĜHQ? WUKOLQ\
v SUY?HWDSČMHYHOPLPDO?PĤ?HE?WSR?HWF\NOĤSRWĜHEQ?SURMHM?UR]YRMY\VRN?YHVURYQ?Q?
s SR?WHPF\NOĤY GUXK?HWDSČ??ĜHQ?7RWRSODW?SURKODGN?QHYUXERYDQ? WČOHVD3R?HWF\NOĤ
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SRWĜHEQ?FKSURSUYRXHWDSX??ĜHQ?VHVW?Y?QHSRGVWDWQ?PXVRX??VW?V RVWU?PLYUXE\SRSĜX
VRX??VW? V SULP?UQ?PL SRUXFKDPL VRXGU?QRVWL Y]QLNO?PL SĜL WHFKQRORJLFN?FK RSHUDF?FK
V WČFKWRSĜ?SDGHFKMH??ĜHQ?]?OH?LWRVW?SĜHGHY??PGUXK?HWDS\ 
??ĜHQ?Y GUXK?HWDSČNRQ??Q?KO?PORPHP]E?YDM?F???VWLQRVQ?KRSUĤĜH]X[1]. 
 
 
5 MORFOLOGIE POVRCHU 
 
5.1 +LVWRULHSR]RURY?Q?SRYUFKRY?KRUHOL?IX 
 
+LVWRULFN? UR]YRM QD?LFK ]QDORVW? R Y?YRML WRSRJUDILL SRYUFKRY?KR UHOL?IX D SHU]LVWHQWQ?FK
skluzoY?FK S?VĤ 363 MH ?]FH VSMDW V ?URYQ? H[SHULPHQW?OQ? WHFKQLN\ [61]. 3ĜHG ?URX
UDVWURYDF?HOHNWURQRY?PLNURVNRSLH6(0E\O\R?HN?YDQ?SURILO\SR]RURY?Q\SRX]HSRPRF?
VYČWHOQ?PLNURVNRSLH[61].  
 
6WXGLXP I\]LN?OQ? SRYDK\ D PHFKDQLVPĤ ?QDYRY?KR SR?NR]HQ? Y NU\VWDORY?FKPDWHUL?OHFK
]D?DORSĜHGY?FHQH? OHW\QD]?NODGČ]NRXP?Q?Evinga, Humfreyho [62]. V SR]GČM??FK 
OHWHFK E\OR Y\YLQXWRPQRKR QRY?FKPHWRG ]DOR?HQ?FK QD WHFKQRORJLL 7(0 [64-68], kter?
SRPRKODREMDVQLWWYRUEXY?UD]Q?KRSRYUFKRY?KRUHOL?IXXF\NOLFN\QDP?KDQ??Y?GVN?RFHOL
SĜLSRNRMRY?WHSORWČNG\SU?YČSRPRF?(YLQJDD+XPIUH\HKRE\ORSURN?]?Q?QHURYQRPČUQ?
UR]OR?HQ??QDYRY?KRSR?NR]HQ?QDSRYUFKXWRKRWRPDWHUL?OX [63]. 
 
3RYUFKRY? UHOL?I PĤ?HPH Y\KRGQRFRYDW EXć SĜ?PR QD  ]NX?HEQ?FK Y]RUF?FK YČW?LQRX YH
IRUPČVWDQGDUGL]RYDQ?FKY?OFRY?FKSURILOĤQHERSRPRF?VSHFL?OQ?FK?SODVWRY?FK?UHSOLNje?
PDM?FKDUDNWHUQHJDWLYQ?KRRWLVNXSRYUFKXY]RUNX 
 
ZPČQ\YQLWĜQ?VWUXNWXU\DSRYUFKRY?KRUHOL?IXE\O\QHMGĜ?YHVOHGRY?Q\QDPRQRNU\VWDOHFKD
polykrystalech s )&& PĜ??NRX D WR SURWR ?H  NRY\ V %&& PĜ??NRX SĜHGVWDYXM? VNXSLQX
PDWHUL?OĤ FKDUDNWHUL]RYDQRX VOR?LW?P F\NOLFN?P FKRY?Q?P NWHU? RYOLYĖXMH SĜHGHY??P
WHSORWDGHIRUPD?Q?U\FKORVWDPQR?VWY?LQWHUVWLFL?OQ?FKQH?LVWRW[20].  
 
 
5.2 3RYUFKRY?UHOL?I 
 
PovrchRY?PUHOL?IHPUR]XP?PHY?VOHGQ?WYDUVYUFKQ???VWLSR]RURYDQ?KRY]RUNXNWHU?VHYH
VY?P Y?VOHGNX VNO?G? ] ?Y\Y??HQLQ? D ?Q??LQ? W]Y H[WUX]? D LQWUX]? NWHU? VH QDPDWHUL?OX
Y\VN\WXM? ML? SR SRPČUQČ PDO?P SR?WX ]DWČ?RYDF?FK F\NOĤ 3R]GČML ] WČFKWR P?VW GRFK?]?
k LQLFLDFL?QDYRY?FKWUKOLQDQ?VOHGQČNORPĤP 
 
1?VOHGXM?F? ??VW SRMHGQ?Y? R SRYUFKRY?P UHOL?IX QČNWHU?FK PDWHUL?OĤ NWHU? ML? E\O\
SĜHGPČWHP]NRXP?Q?DPČĜHQ? 
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.RQNU?WQČVHMHGQDORRY]RUN\] RFHO?V UĤ]Q?PLPDWULFHPL 
 
a) DXVWHQLWLFN?korozivzdoUQ? ocel - 316L, 
 
Jedna z QHMPRGHUQČM??FK WHFKQRORJL? R]QD?HQ? MDNR ),% ?IRFXVHG LRQ EHDP? XPR?ĖXMH
RGVWUDQLW??VWPDWHUL?OXGRKORXEN\DSRVN\WQRXW'LQIRUPDFHRYHOLNRVWLWYDUXDVPČUX363
(PSS) v EO?]NRVWLSRYUFKXPDWHUL?OX[70].  Technologie FIB je pĜHY??QČSRX??YDQ?SĜLVWXGLX
ORPRY?FKSURILOĤ[71]WYDUXORPRY?FKSORFKXPČGČQ?FKILOPĤ[72]LQLFLDFHORPĤY SĜ?SDGČ
feriticko-PDUWHQ]LWLFN?FK RFHO? [73-74] a interakc? ?PLNURORPĤ? Y SĜ?SDGČ QLNORY?FK
superslitin [75].  
1?VOHGXM?F?REU?]ek (obr. 11) zobrazuje informace o PSS v SĜ?SDGČDXVWHQLWLFN?oceli 
R]QD?HQ?MDNR/SRĜ?]HQ?WHFKQRORJLL AFM (atomic force microscopy).   
 
 
 
Obr. 11 3RYUFK?QDYRYČSR?NR]HQ?KRSRYUFKXDXVWHQLWLFN?NRUR]LY]GRUQ? oceli. 
([WUX]HYLGLWHOQ?QDDNRYRY?PY]RUNXESODVWRY?UHSOLFH[69]. 
 
1D REUD O]H YLGČW GYČ VNOX]RY? VWRS\ SĜHUX?HQ? ?NU?WHUHP? Y\WYRĜHQ?P SRPRF?
WHFKQRORJLH),%MDNVHVNO?S??LNPRY]KOHGHPSRYUFKXY]RUNX'HWDLOY]QLNO?VNOX]RY?VWRS\
s H[WUX]?MHXYHGHQQDREUE 
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Obr. 12 Povrch vzorku s ?NU?WHUHP?]KRWRYHQ?PWHFKQRORJL?),% 
D&HONRY?SRKOHGQD366EGHWDLOH[WUX]H[70] 
 
 
Z XYHGHQ?KR MH ]ĜHMP? ?H N Y\?VWČQ? 363 QD SRYUFK QHPXV? GRFK?]HW MHQ YH VPČUHFK
NROP?FKQDSĤVRE?F?QDSČW? DOHSĜHGQRVWQČ LYH VPČUHFK MHMLFK?RULHQWDFH]?YLV?QD YKRGQ?
orientaci zrna v NU\VWDORJUDILFN?PĜ??FH9 SOR?QČFHQWURYDQ?NXELFN?PĜ??FHSURE?K?VNOX]D
Y\?VWČQ?363QDSRYUFKSĜHY??QČY NU\VWDORJUDILFN?PVPČUX[110] [20].  
([SHULPHQW?OQČ  bylo GRN?]?QR ?H VNOX]RY? URYLQ\ L VPČU\ VNOX]XY?G\RGSRY?GDM?
rovLQ?PDVPČUĤPV QHMWČVQČM??PXVSRĜ?G?Q?P[20]. 9HGOHSRK\EOLYRVWLGLVORNDF?MHSURVNOX]
363GĤOH?LW?DE\DOHVSRĖMHGHQVNOX]RY?V\VW?PDNWLYRYDQ?URYLQDE\OYKRGQČRULHQWRY?Q
vzhledem k SĤVRE?F?PXQDSČW?[20].  
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b) feritick? NRUR]LY]GRUQ? ocel - X10CrAl24, 
 
Obr. 13 ]REUD]XMH FKDUDNWHULVWLFN? SRYUFKRY? UHOL?I IHULWLFN? RFHOL QD NRQFL ?QDYRY?
?LYRWQRVWL, kter? E\ODF\NOLFN\]DWČ?RY?QDV NRQVWDQWQ?DPSOLWXGRXSODVWLFN?GHIRUPDFHİap =2 
x10
-3
. 3RYUFKRY?UHOL?IH[WUX]?Y\ND]XMH]QD?QČSURPČQOLYRXY??NX[69].  
 
 
 
Obr. 13 3RYUFK?QDYRYČSR?NR]HQ?KRSRYUFKXQHUH]DYČM?F?IHULWLFN?RFHOL 
([WUX]HYLGLWHOQ?QDDNRYRY?PY]RUNXESODVWRY?UHSOLFH[69] 
 
 
c) superslitinDQDE?]LQLNOX- Inconel 738LC. 
 
V WRPWRSĜ?SDGČE\O\YREODVWLVNOX]RY?FKVWRSSR]RURY?Q\MDNH[WUXze tak i intruze (obr. 14). 
V nČNWHU?FKP?VWHFKse vyskytovaly jen H[WUX]HYMLQ?FKORNDOLW?FKQDSRYUFKXY]RUNXpouze 
intruze (obr. 15a, 15b). 3R]RURY?Q?Y GDO??FKP?VWHFKRGKDOLORH[WUX]HSURE?KDM?F?SDUDOHOQČ s 
LQWUX]HPL9?VN\W H[WUX]? D LQWUX]? D MHjich rozmČU\ ]?YLV? QDSR?tu ubČKQXW?FK?QDYRY?FK
cyklĤ. 
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Obr. 14 3RYUFKRY?UHOL?I]Q?]RUĖXM?F?H[WUX]HDLQWUX]HUHYHU]Q?P?G&/60[2]. 
 
 
 
a)           b) 
 
Obr. 15  a) 'HWDLOVFKRGRYLW?PRUIRORJLHSRF\NOHFK 
b) ]REUD]HQ?YUHYHU]Q?PP?GXVH]Y?UD]QČQ?PLLQWUX]HPL[2] 
 
 
 
'RPLQDQWQ?PL SUYN\REU 6 MVRX  VNOX]RY? VWRS\PH]L NWHU?PL YLG?PH L]RORYDQ? REODVWL
s intruzemi a bez nich. Z Y?VOHGNĤ H[SHULPHQWX [2] MH SDWUQ?, ?H VH ]YČW?XM?F?P VH SR?WHP
?QDYRY?FKF\NOĤSĜLE?Y?LQWUX]?NWHU?SRVO?]HY\WY?ĜHM?VRXYLVO?S?V\ 
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Obr. 16 'HWDLOY]QLNO?FKLQWUX]?SRF\NOHFK[2] 
 
(3R]Q 6Q?PN\ 4, 15b a 16 jsou SUR OHS?? ]REUD]HQ? LQWUX]? Y\JHQHURY?Qy v tzv. 
UHYHU]Q?P  P?GX -HGQ? VH RSD?Q? ]REUD]HQ? QH? vystihuje skute?nost ? SURKOXEHĖ se 
zobrazuje jako vrcholek a naopak). 
 
 
6 &+$5$.7(5,67,.$1,./29?&+683(56/,7,1 
 
6XSHUVOLWLQ\QDE?]LQLNOX SDWĜ?GRVNXSLQ\PDWHUL?OĤNWHU? VHSRX??YDM? ]HMP?QDSUR
H[WU?PQČ QDP?KDQ? ORSDWN\ SO\QRY?FK D VSDORYDF?FK WXUE?Q Y OHWHFN?P SRSĜ?SDGČ
HQHUJHWLFN?P SUĤP\VOX 0H]L MHMLFK VWČ?HMQ? YODVWQRVW? G?N\ NWHU?P MH Y WDNRY? P?ĜH
Y\X??Y?PH SDWĜ? SĜHGHY??P Y\VRN? ??URSHYQRVW D ??UXY]GRUQRVW Slitiny niklu a jejich 
PRGLILNRYDQ?IRUP\SURY\VRNRWHSORWQ?DSOLNDFHMVRXPDWHUL?O\]QD?QČGUDK?DSURWRMHMLFK
Y?]NXPNWHU?]DSR?DOQDNRQFLOHWPLQXO?KRVWROHW?E\OSRPČUQČSRPDO?1HMprve bylo 
SRWĜHED Y\YLQRXt Y\VRFH VRILVWLNRYDQ? PHWRG\ (pro jejich WHSHOQ? ]SUDFRY?Q? WDYHQ? D 
RGO?Y?Q?NWHU?E\]DUX?RYDO\Y\VRNRXNYDOLWX WČFKWRVOLWLQQDSĜ - VSHFL?OQ? WDY?F?SHFHSUR
vakuovou WHFKQRORJLL XPR?ĖXM?F? SRW? SRX?LW? SĜHVQ?KR OLW?PHWRGRXY\WDYLWHOQ?KRPRGHOX
PR?QRVW RGO?Y?Q? ORSDWHN V YQLWĜQ?PL GXWLQDPL NWHU? Q?P ]DUX?XM? Y\VRNRX P?UX FKOD]HQ?
apod. [38]. 
 
1D ]D??WNX Y?YRMH QLNORY? VOLWLQ\ RGRO?YDO\ WHSORW?P SĜLEOL?QČ do ?& Postupem 
?DVXVHMHMLFKRGROQRVWOLQH?UQČ]Y\?RYDODR?&URNFR?SURQ?VY GQH?Q?GREČ]QDPHQ?
SRX?LWHOQRVWWČFKWRPDWHUL?OĤGRWHSORWRNROR?& 
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V GQH?Q? GREČ MVRX W?PČĜY\?HUS?Q\Y?HFKQ\PR?QRVWL MDNSUDFRYQ? WHSORW\ VOLWLQ1L
QDG?OH ]Y\?RYDW PHWDOXUJLFNRX FHVWRX W]Q ?SUDYRX FKHPLFN?KR VOR?HQ? D WHSHOQ?KR
]SUDFRY?Q?9 SUD[LXYHGHQ?VOLWLQ\PXV?RGRO?YDWSUDFRYQ?PWHSORW?PNWHU?VH URYQDM?FFD
 WHSORW\ WDYHQ? FR? MH ] KOHGLVND NRQVWUXN?Q? SRX?LWHOQRVWL D EH]SH?QRVWL MHMLFK KRUQ?
hranice6SHFL?OQ?1LVXSHUVOLWLQ\MVRXGORXKRGREČVFKRSQ\RGRO?YDWWHSORW?PURYQDM?F?PVH
?&DWRQDY?FSĜLVSROXSĤVREHQ?PHFKDQLFN?FKQDSČW?? ??URSHYQ?VOLWLQ\9 SĜ?SDGČ?H
QD VRX??VWL ML? ??GQ? PHFKDQLFN? QDSČW? QHEXGH SĤVRELW ]Y\?XMH VH MHMLFK SRX?LWHOQRVW D?
?&? ??UXY]GRUQ?VOLWLQ\[39, 40].  
 
6.1 ??UXY]GRUQ?VOLWLQ\QLNOX 
 
1LNORY? VOLWLQ\ VH REHFQČ SRX??YDM? MDN SUHFLSLWD?QČ WDN VXEVWLWX?QČ ]SHYQČQ?
??UXY]GRUQ? VOLWLQ\ QLNOX MVRX ]SHYQČQ? SRX]H VXEVWLWX?QČ =D ]Y??HQ?FK WHSORW spolu 
s SĤVRE?F?PQDSČW?P DOHW\WRPDWHUL?O\Y\ND]XM?SĜ?OL?YHONRXU\FKORVWWH?HQ?DQHMVRXVFKRSQ\
GORXKRGREČ SĜHQ??HW YQČM?? QDSČW? 7RWR MVRX VWČ?HMQ? GĤYRG\ SUR? QHMVRX W\WR PDWHUL?O\
Y\X??Y?Q\pro aplikace v OHWHFN?FKPRWRUHFK QDVRX??VWL URWRUĤ'RFK?]HORE\zde toti?ke 
NULWLFN?PXSURGOX?RY?Q?ORSDWHNPRWRUXDQ?VOHGQČN KDY?UL?P.  
&KURP MH ]?NODGQ?P SĜ?VDGRY?FK SUYNHP WČFKWRPDWHUL?OĤ NWHU? MLP ]?URYHĖ GRG?Y?
NRUR]Q?RGROQRVW2EVDK&UVHSRK\EXMHY UR]PH]?RG- 30%.  9ČW?LQDWČFKWRVOLWLQMHQD
E?]L1L-&U SRSĜ?SDGČ1L-Cr-Fe. 1ČNG\ VH X WČFKWR VOLWLQ VHWN?Y?PH L V GDO??PL SUYN\ MDNR
jsou  Mo, Co, W. 
 
6.2 ??UXSHYQ?VOLWLQ\QLNOX 
 
6Y?XSODWQČQ?W\WRSUHFLSLWD?QČ]SHYQČQ?1LVOLWLQ\QDFK?]HM?SĜHGHY??PXDSOLNDF?NGH
MH Y\?DGRY?QD Y\VRNRWHSORWQ? ?QDYRY? D FUHHSRY? SHvnost. =?NODGHP WČFKWR ??UXSHYQ?FK
slitin je, jak i v SĜHGFKR]?PSĜ?SDGČWXK?UR]WRN1L-CrNWHU?P?NXELFNRXSOR?QČVWĜHGČQRX
PĜ??NX $O D 7L MVRX KODYQ?PL SĜ?VDGRY?PL SUYN\ WYRĜ?F?PL ]SHYĖXM?F? D Y\WYU]XM?F? I?]L
Ni3$O 7L 6RX??VWL WČFKWR VOLWLQ MVRX L NDUELGRWYRUQ? SUYN\ NWHU? Y\WY?ĜHM? NDUELG\ D
VXEVWLWX?QČ]SHYĖXM?1LPDWULFL6WUXNWXUX WČFKWRSUHFLSLWD?QČ]SHYQČQ?FK VOLWLQ WYRĜ? YHOPL
MHPQ???VWLFH]SHYĖXM?F?I?]HR]QD?RYDQ?MDNRȖ? Ni3(Al, Ti) s XVSRĜ?GDQRXVWUXNWXURX/2 a 
PDWULFHȖ1L-Cr), ktHU?P?)&&PĜ??NX[ 41].      
0H]LQHMY?]QDPQČM??YODVWQRVWLWČFKWRVOLWLQSDWĜ?DQRP?OQ?FKRY?Q?NWHU?VHY\]QD?XMH
Y?UD]Q?PQ?UĤVWHPPH]HNOX]XY ]?YLVORVWLQD]Y\?XM?F?VH WHSORWČD WRY ?LURN?PLQWHUYDOX
WHSORW MHMLFK? KRUQ? KUDQLFH MH VWDQRYHQD QD600 - ?& 9??H ]P?QČQRX VNXWH?QRVW Q?P
]Q?]RUĖXMHREU7 [42]. 
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Obr. 17 $QRP?OLHWHSORWQ?]?YLVORVWLPHFKDQLFN?FKYODVWQRVW?QLNORY?FKVXSHUVOLWLQ[42] 
 
 Vzhledem k WRPX ?H SODVWLFN? GHIRUPDFH MH SĜL WDNWR Y\VRN?FK WHSORW?FK
]SURVWĜHGNRY?QDGLVORNDFHPLMHFKDUDNWHUDQRP?OQ?KRFKRY?Q??]FHVSMDWV interakcemi mezi 
GLVORNDFHPLDSUHFLSLW?W\3ULP?UQ?VNOX]RY?V\VW?PY WXK?PUR]WRNXȖV )&&PĜ??NRXMH?
<011> {111} a SĤVRE? SĜL Y?HFK WHSORW?FK WDN? Y SUHFLSLW?WHFK Ȗ? 3ĜL  Y\???FK WHSORW?FK VH
v ??VWLF?FK Ȗ? Y\VN\WXMH W]Y NXELFN? VNOX]RY? V\VW?P ! {111}, NWHU? se SRYD?XMH do 
]QD?Q? P?U\]RGSRYČGQ?]DDQRP?OQ?]SHYQČQ?REU7) [41, 43, 44]. 3ĜL WHSORW?FK nad ?&
P?VNOX]RY?GLVORNDFH!{111} ve I?]L Ȗ?tendenci k SĜ??Q?PXVNOX]XQDURYLQ\{001} a 
pak ]SČWQDURYLQ\{111}. 7?PWR mechanismem dojde k Y\WYRĜHQ?QHSRK\EOLY?NRQILJXUDFH, 
NWHU?MH]RGSRYČGQ?]D]SHYQČQ?[45-48]. 3ĜL WHSORW?FK nad 800?&VHW\WRGLVORND?Q?VWUXNWXU\
VW?YDM?SRK\EOLY?DVXSHUVOLWLQ\SRW?Y\ND]XM?]PČN?HQ? [2].  
 
6.3 ?QDYRY?YODVWQRVWLQLNORY?FKVXSHUVOLWLQ 
 
1?]NRF\NORY? ?QDYD VXSHUVOLWLQ QD E?]L QLNOX MH YHOLFH SRGREQ? ML? GĜ?YH SRVDQ?PX
?QDYRY?PX FKRY?Q? MHGQRGXFK?FK NRYĤ V IFFPĜ??NRX [49 - 51] ěDGD Y?]NXPQ?FK  SUDF?
[50, 52 - 57] SRWYUGLOD SĜHGSRNODG ?H Y SĜ?SDGČ Q?]NRF\NORY? ?QDY\ QLNORY?FK VXSHUVOLWLQ
QDSĜ,QFRQHO/&D/&MVRXGLVORND?Q?VWUXNWXU\QHKRPRJHQQČXVSRĜ?GDQ?DWRQHMHQ
v matrici, ale i v XVSRĜ?GDQ?Y\WYU]XM?F?I?]LȖ?. V SUĤEČKX]DWČ?RY?Q?E\OXWČFKWRPDWHUL?OĤ
SR]RURY?QYOLYYHOLNRVWLDREMHPRY?KRSRG?OX??VWLFY\WYU]XM?F?I?]HȖ?NWHU?EU?QLO\VNOX]X
GLVORNDF?QDF\NOLFNRXQDSČĢRYRXRGH]YX 
V SĜ?SDGČ MHGQRGXFK?FK NRYĤ V IFF L EFF PĜ??NRX Y]UĤVW? SĜL SR??WH?Q? GHIRUPDFL
PDWHUL?OXKXVWRWDPĜ??NRY?FKSRUXFK3RNUD?XM?F? F\NOLFN?]DWČ?RY?Q? V Ĝ?zenou amplitudou 
vede k F\NOLFN?PX ]SHYĖRY?Q? [58] 1RYČ Y]QLNO? VXEVWUXNWXUD VH VW?Y? neVWDELOQ? D
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v XU?LW?FK ??VWHFK PDWHUL?OX VH IRUPXMH QRY? VWDELOQ? VWUXNWXUD NWHU? MH VFKRSQ? ??LQQČML 
SĜHQ??HWF\NOLFN?]DWČ?RY?Q?? Y\WY?ĜHM?VHW]YSHU]LVWHQWQ?VNOX]RY?S?V\3639 P?VWHFK
NGH 363 Y\VWXSXM? QD SRYUFK O]H GHWHNRYDW VNOX]RY? VWRS\ V MHMLFK W\SLFN?P ?OHQLW?P 
UHOL?IHP 
V GĤVOHGNXNXPXODFHF\NOLFN?SODVWLFN?GHIRUPDFHY]QLNDM?Y P?VWHFKSUĤVH??NX363D
povrchu materi?OX YKRGQ? SRGP?QN\ SUR Y]QLN SUYQ?FK PLNURWUKOLQ 9ČW?LQD QLNORY?FK
VXSHUVOLWLQ Y\ND]XMH ORNDOL]DFL F\NOLFN? SODVWLFN? GHIRUPDFH GR VNOX]RY?FK S?VX NWHU? OH??
QHM?DVWČMLSRG?OVNOX]RY?URYLQ\{111} [52]. 
6WXGLHP ?QDYRY? ?LYRWQRVWL SRYUFKRY?KR UHOL?IX D QDSČĢRY? RGH]Y\ X QLNORY?FK
superslLWLQ E\OR GRN?]?QR ?H SĜL ]NRX?N?FK SURYHGHQ?FK SĜL SRNRMRY?FK WHSORW?FK D
Y\VRN?FKDPSOLWXG?FK]DWČ?RY?Q?Q?VOHGXMHSRSR??WH?Q?P]SHYQČQ?Y?UD]Q?]PČN?HQ?>55]. 
=DWČ?RY?Q?P SĜL Y\VRN?FK WHSORW?FK GRV?KQHPH SR SR??WH?Q?P F\NOLFN?P ]SHYQČQ?
VDWXURYDQ?FKVWDYĤ9QČNWHU?FKSĜ?SDGHFKPDWHUL?OY\ND]XMH]PČN?HQ?D?GRNRQFH?QDYRY?
?LYRWQRVWL -HGQR]QD?QČ PĤ?HPH Ĝ?FW ?H ?QDYRY? FKRY?Q? QLNORY?FK VXSHUVOLWLQ ]?YLV?
SĜHGHY??PQDYOLYXFKHPLFN?KRVOR?HQ?DPRUIRORJLL]SHYĖXM?F?I?]HȖ?  [59 - 60].  
V SĜ?SDGČ UĤVWX ??VWLF ]SHYĖXM?F? I?]H Ȗ? MVRX NĜLYN\ ]PČN?HQ?  ]SHYQČQ? SRVXQXW\
k Y\???PKRGQRW?PDPSOLWXG\QDSČW?  
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7 1?95+(;3(5,0(178 
 
&?OHP W?WR ]?YČUH?Q? SU?FH MH UR]??ĜHQ? VRX?DVQ?FK SR]QDWNĤ R ORNDOL]DFL F\NOLFN?
SODVWLFN?GHIRUPDFHXPDWHUL?OX ,N/&D WRSĜLQ?]NRF\NORY??QDYČ ]DSRNRMRY? WHSORW\ 
s Y\X?LW?P']REUD]RYDF?FKPHWRG 
 
'?O??F?OHSU?FHMVRXQ?VOHGXM?F? 
 
- ]?VN?Q? SR]QDWNĤ R ORNDOL]DFL GHIRUPDFH VOHGRY?Q?P Y]QLNX D Y?YRMH
SRYUFKRY?KRUHOL?IX 
- XPDWHUL?OXIN738LC VWDQRYLWNYDQWLWDWLYQ??GDMHRY?YRMLSRYUFKRY?KRUHOL?IX
SĜLQ?]NRF\NORY??QDYČ. 
- SRURYQDWPČĜHQ?Y?VOHGN\SRPRF?UĤ]Q?FK]REUD]RYDF?FKPHWod. 
 
6WXGLXP SURFHVĤ NWHU? SURE?KDM? EČKHP F\NOLFN?KR ]DWČ?RY?Q? D Q?VOHGQ? WYRUE\
poYUFKRY?KRUHOL?IXXPDWHUL?OX,1738LC MHYHOLFHGĤOH?LW?SURQ?VOHGQRXSUHGLNFL?LYRWQRVWL
a PHFKDQLFN?FKYODVWQRVW?W?WRslitiny.    
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8 (;3(5,0(17?/1???67 
 
8.1 ([SHULPHQW?OQ?PDWHUL?O 
 
([SHULPHQW?OQ?P PDWHUL?OHP SUR WXWR SU?FL byla SRO\NU\VWDOLFN? OLW? QLNORY? VXSHUVOLWLQD
Inconel 738LC (LC = low carbon). 
 8 WČFKWR VOLWLQ E\O VQ??HQ REVDK XKO?NX QD PLQLP?OQ? SĜ?SXVWQRX KRGQRWX D WR
SĜHGHY??P SURWR DE\ QHGRFK?]elo k QDGPČUQ? WYRUEČ NDUELGĤ 7YRUED PHQ??KR PQR?VWY?
NDUELGĤ QD KUDQLF?FK ]UQ PĤ?H P?W ??VWH?QČ SR]LWLYQ? FKDUDNWHU ]Y\?RY?Q? FUHHSRY?
RGROQRVWL DOH YH YČW?LQČ SĜ?SDGĤ Y?DN SĤVRE? VS??H QHJDWLYQČ 9OLYHP Y\VRN?FK WHSORW
GRFK?]? NH ]PČQČ W\SX NDUELGĤ .DUELG\ VH PČQ? ] Y\VRNRXKO?NRY?KR NDUELGX  W\SX 0&
NWHU?KR MH MHQ RPH]HQ? PQR?VWY? D SĜ?]QLYČ Q?P RYOLYĖXMH Y?VOHGQ? YODVWQRVWL QD YHON?
PQR?VWY? Q?]NRXKO?NRY? YDULDQW\  NDUELGĤ W\SX023C6 NWHU?PRKRX WYRĜLW QD KUDQLF?FK ]UQ
ĜHW?]N\ ??P?MHRVODEXM?, a W?PWRY?UD]QČRYOLYĖXM?VQL?XM?PHFKDQLFN?YODVWQRVWL-DNX?E\OR
XYHGHQR NH ]OHS?HQ? PHFK YODVWQRVW? QHPĤ?HPH Y\X??W Y\??? SURFHQWR XKO?NX SURWR GR
WČFKWR VOLWLQ SĜLG?Y?PH OHJXM?F? SUYN\ ? QDSĜ E?U NWHU? Y?UD]QČ Y\OHS?XMH PHFKDQLFN?
vlastnosti hranic zrn. 
 .H]SHYĖRY?Q? WXK?KRUR]WRNXJGRFK?]? u tohoto typu QLNORY?FKVXSHUVOLWLQSRPRF?
SUHFLSLWDFHNRKHUHQWQ?I?]HJ?[42, 87, 88]. 
 
 
8.1.1 Charakteristika superslitiny Inconel 738LC 
 
=?NODGQ?I\]LN?OQ?YHOL?LQRXNWHU?FKDUDNWHUL]XMHW\WRPDWHUL?O\MHPČUQ?KPRWQRVWU, jen?VH
pohybuje  okolo 8110 kg/m
35R]PH]? WHSORW WXKQXW?D WDYHQ?  se pohybuje  od  1230 ?&Y
SĜ?SDGČ VROLGX GR  ?& OLNYLGXV &KHPLFN? VOR?HQ? PDWHUL?OX ,QFRQHO /& dle 
SĜHGSLVXGRGDYDWHOH (Ross and Catherall) je uvedeno v tabulce 1 [40, 88-89]. 
'REU? mechanick? vlastnosti PDWHUL?OX IN/& ]D Y\VRN?FK WHSORW VRXYLV? SĜHGHY??P s 
Y\VRN?m SRG?Oem kobaltu, PQR?VWY?m KOLQ?Nu a titanu SUHFLSLWD?Q?]SHYQČQ?DWDN?obsahem 
molybdenu a wolframu VXEVWLWX?Q? ]SHYQČQ? 9H VURYQ?Q? V GDO??PL W\S\ QLNORY?FK
VXSHUVOLWLQ QDSĜ ,N713LC) je slitina IN738LC z GĤYRGXY\???KR obsahu chromu a GDO??FK
OHJXURGROQČM??YĤ?LY\VRNRWHSORWQ? NRUR]L [54,90]. Inconel 738LC se Y?DN PXV?GRGDWH?QČ
WHSHOQČ]SUDFRY?YDW (UR]SRX?WČF???K?Q? ?&KQ?VOHGQ? Y\WYU]RY?Q??&K) - viz 
obr. 18FR?QDMHGQXVWUDQXYHVSRMHQ?V NRPSOH[Q?POHJRY?Q?P]Y\?XMHMDN??UXSHYQRVWWDN
LSR?HWY\WYU]XM?F?FK??VWLFJ´ (OHS??SHYQRVWQ?FKDUDNWHULVWLN\)DOHWDN?Y?UD]QČFHORXY?UREX
SURGUD?XMH 
  
0H]LPHFKDQLFN?YODVWQRVWLGRSRUX?HQ?Y?UREFHPPČĜHQ? SĜL?&SDWĜ?SĜHGHY??P 
- mez pevnosti Rm ?03D 
- VPOXYQ?PH]SHYQRVWL5p0,2 ?03D 
- WD?QRVW$5 > 4%. 
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Tab. 1 &KHPLFN?VOR?HQ?VOLWiny Inconel 738LCSĜ?SXVWQ?UR]PH]?Y hm. % 
 
C  [%] Mn [%] Si [%] Cr [%] Ti [%] Al [%] Fe [%] B  [%] Zr [%] Nb [%] 
0,11 < 0,05 < 0,05 15,86 3,27 3,31 0,15 0,008 0,03 0,88 
Ta [%] Mo [%] W [%] Co [%] Cu [%] P  [%] S  [%] O  [%] N  [%]  Ni [%] 
1,65 1,74 2,54 8,26 < 0,05 < 0,004 0,004 7 ppm 5 ppm zbytek 
 
 
 
Obr. 18 6FK?PDWHSHOQ?KR]SUDFRY?Q?VOLWLQ\,QFRQHO/& [2] 
 
 
8.2 ([SHULPHQW?OQ?WHFKQLND 
 
8.2.1 =DWČ?RYDF?VWURMDPHWRGLND]NRX?HN 
 
([SHULPHQW?OQ? Y]RUN\ E\O\ SRGUREHQ\ ]NRX?FH Q?]NRF\NORY? ?QDY\ Y WDKXWODNX
s Ĝ?]HQ?PSRG?OQ?KRSURGORX?HQ?QDHOHNWURK\GUDOLFN?P]NX?HEQ?PVWURML076NWHU? MH
VFKRSHQ SĜHQ??HW ]DW??HQ? ?  N1 =NX?HEQ? ]DĜ?]HQ? MH Y\EDYHQR VRIWZDUHP NWHU?
XPR?ĖXMHQDVWDYRYDWSRWĜHEQ?SDUDPHWU\]NRX?N\ 
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V SUĤEČKX H[SHULPHQWX E\OD V\VW?PHP XGU?RY?QD NRQVWDQWQ? KRGQRWD DPSOLWXG\
FHONRY?GHIRUPDFH D U\FKORVWL FHONRY?GHIRUPDFH   V-1. V SĜ?SDGČ WRKRWR ]DWČ?RYDF?KR
]DĜ?]HQ? E\O ]YROHQ V\PHWULFN? ]DWČ?RYDF? F\NOXV 5İ = - =DĜ?]HQ? MH XP?VWČQR
v NOLPDWL]RYDQ?P?VWQRVWLV monitorovanou teplotou vzduchu [57].  
 
8.2.2 ě?]HQ?]NRX?N\ 
 
3UĤEČK ]NRX?N\ Q?]NRF\NORY? ?QDY\ E\O Ĝ?]HQ VRIWZDUHP $GYDQFHG /RZ &\FOH
)DWLJXHRGI\076NWHU?]D]QDPHQ?YDOGRHOHNWULFN?SDPČWLQHMHQGLJLW?OQ?IRUPXK\VWHUH]?
VP\?N\ DOH L DPSOLWXGX QDSČW? DPSOLWXGX FHONRY? GHIRUPDFH PD[LP?OQ? D PLQLP?OQ?
KRGQRW\QDSČW?DGHIRUPDFHY GDQ?PF\NOXDHIHNWLYQ?PRGXOSUX?QRVWLSĜLRGOHK?HQ?] tahu a 
tlaku [57]. 
 
 
8.2.3 UkoQ?HQ?]NRX?N\ 
 
=NRX?ND E\OD Y?G\ SĜHUX?HQD SR SĜHGHP VWDQRYHQ?P SR?WX F\NOĤ SR NWHU?P E\O
VOHGRY?QY?YRMSRYUFKRY?KRUHOL?IX 
 
 
8.3 3R]RURY?Q?SRYUFKXDPČĜHQ?SRYUFKRY?KRUHOL?IX 
 
Ke VOHGRY?Q?SRYUFKRY?KRUHOL?IXE\O\SRX?LW\PRGHUQ?SR]RURYDF?]DĜ?]HQ? 
 
- Olympus LEXT OLS 3000 .RQIRN?OQ? ODVHURY? UDVWURYDF? PLNURVNRS - 
CLSM), 
 
- FEG ? SEM (High resolution SEM ? MIRA /0I\7HVFDQNWHU?NHVY?PX
]REUD]RY?Q?Y\X??Y?DXWRHPLVQ?KR]GURMH 
 
- AFM DWRPLFIRUFHPLFURVFRS\Y\X?LWHOQ?SĜHGHY??PSURPR?QRVWVURYQ?Q?
]ML?WČQ?FKSR]QDWNĤRSRYUFKRY?PUHOL?IXV RVWDWQ?PLSR]RURYDF?PLPHWRGDPL 
 
8.3.1 .RQIRN?OQ?ODVHURY?UDVWURYDF?PLNURVNRS2O\PSXV/(;7 
 
.RQIRN?OQ? PLNURVNRS /(;7 MH SĜHGVWDYLWHOHP QRY? JHQHUDFH ' ]REUD]RYDF?FK
]DĜ?]HQ?-H]YO??WČYKRGQ?SURSRX?LW?Y oblaVWLPRGHUQ?FKPLNURVNRSLFN?FKDSOLNDF?NWHU?VH
Y\]QD?XM? RGOL?Q?P SĜ?VWXSHP N EH]NRQWDNWQ?PX SR]RURY?Q? D NRQWUROH SRYUFKX UR]OL?Q?FK
PDWHUL?OĤVHVXEPLNURQRYRXSĜHVQRVW?7RWR]DĜ?]HQ?XPR?ĖXMHVOHGRYDWUĤ]Q?W\S\SRYUFKĤ
PDWHUL?OĤVRX??VWLD]?URYHĖMHMSR]RURYDWYEXć W]YSĜHKOHGRY?P]REUD]HQ?VOR?HQ?] Y?FH
]RUQ?FKSRO?QHERY VXEPLNURQRY?P]REUD]HQ?NWHU?VHY\]QD?XMHYHOPLGREURXUR]OL?RYDF?
VFKRSQRVW?Y SOR?HYRV?FK;D<QPDY ĜH]XRVD=QP 
 Princip metody CLSM (Olympus LEXT) MHVFK?PDWLFN\]REUD]HQQDobr.19. 
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Mikroskop tohoto typu s UR]VDKHP ]YČW?HQ? RG [ GR  440 [  WYRĜ? KUDQLFL PH]L
RSWLFN?PLVYČWHOQ?PLPLNURVNRS\DHOHNWURQRY?PLĜ?GNRYDF?PLPLNURVNRS\0H]LQHVSRUQ?
Y?KRG\ WRKRWR ]DĜ?]HQ? SDWĜ? PR?QRVW SR]RURY?Q? Y]RUku v UH?OQ?P ?DVH DEVHQFH QXWQRVWL
?]YRGLYČQ?? SRYUFKX Y]RUNX D PR?QRVW XP?VWLW Y]RUHN QD SR]RURYDF? VWROHN EH] SRX?LW?
YDNXRY?NRPRU\??P?VHPLNURVNRS/(;7Y?UD]QČRGOL?XMHRG6(0 
 K SR]RURY?Q?SRYUFKXY]RUNXVHY WRPWRSĜ?SDGČY\X??Y?ODVHURY?KRVYD]NXRYOQRY?
G?OFHQPV RSWLFN?PLSUYN\NWHU? MVRXVSHFL?OQČX]SĤVREHQ\SUR WXWRNU?WNRXYOQRYRX
G?ONX??P?GR?ORN optimalizaci kvality obrazu. K RYO?G?Q?/(;7X2/6VORX??Y\VRFH
VRILVWLNRYDQ?VRIWZDUHNWHU?XPR?ĖXMHSRNUR?LORXDQDO?]XREUD]X.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Obr. 19 6FK?PDRSWLFN?KRV\VW?mu mikroskopu Olympus LEXT [91] 
 
8 NRQIRN?OQ?KR ODVHURY?KR PLNURVNRSX /(;7 QHGRFK?]? NH VQ?P?Q? REUD]X SRYUFKRY?KR
UHOL?IXQDMHGQRXYFHONXDOHERGSRERGX- Ĝ?GNRY?Q?PVHVRX?DVQ?PPČĜHQ?PY??N\Y ose 
Z. 9?VOHGQ?'REUD]SRYUFKXMHSRW?VOR?HQ]YHON?KRPQR?VWY?QDVQ?PDQ?FKSURILOĤ 
3ĜL UDVWURY?Q?SRYUFKX MHY ND?G?PP?VWČYH VPČUXRV\= PČĜHQRQČNROLNERGĤNWHU? WYRĜ?
tzv. I-= NĜLYNX , intenzita ? Z pozice ) ? viz. obr. 20 1D ]?NODGČ W?WR NĜLYN\ MH SRVO?]H
Y\SR?WHQRP?VWR UHVS RKQLVNR QD ]?NODGČ QHMY\??? KRGQRW\ MDVX a s\VW?P Q?VOHGQČ SĜLĜDG? 
KRGQRWXY??N\SRYUFKRY?KRUHOL?IXY ose Z NHND?G?PXSL[HOX 
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Obr. 20 6\VW?PPČĜHQ?Y ose Z [91] 
 
1HSĜHKO?GQXWHOQRXY?KRGRX WRKRWR]DĜ?]HQ? MHPR?QRVWY\X?LW? MDN ODVHURY?KRVYD]NX WDN L
NRQYHQ?Q?FKPLNURVNRSRYDF?FK WHFKQLNPH]LQČ?SDWĜ?QDSĜSR]RURY?Q?YHVYČWO?PWHPQ?P
SROLSRODUL]RYDQ?PVYČWOHD',& LQWHUIHUHQ?Q?NRQWUDVW7HQWR',&SR]RURYDF?PRGXOMH
]YO??WČ X?LWH?Q? Y SĜ?SDGHFK NG\ SRWĜHEXMHPH ]Y?UD]QLW MHPQ? UHOL?IQ? ]PČQ\ SĜL DQDO?]H
SRYUFKX.RPELQDF?ODVHURY?KR'DSOQREDUHYQ?KRY\NUHVOHQ?REUD]XQDSĜYHVYČWO?PSROL
MVPH VFKRSQL GRV?KQRXW ]REUD]HQ? YH VNXWH?Q?FK EDUY?FK FR? QHMY?FH RFHQ?PH SĜL
SR]RURY?Q?EDUHYQ?FKY]RUNĤ 
 
8.3.2 MIRA 3 LM (FEG - SEM) 
 
5DVWURYDF?HOHNWURQRY?PLNURVNRS0IRA 3 LM (obr. 21SDWĜ?GRNDWHJRULH 
mLNURVNRSĤ s Y\VRN?P UR]OL?HQ?P =?NODGHP WRKRWR DXWRHPLVQ?KR PLNURVNRSX MH Y\VRFH
]?ĜLY?  6FKRWWN\KR NDWRGD G?N\ NWHU? O]H GRVDKRYDW Y\VRN?KR UR]OL?HQ? Y\VRN?FK SURXGĤ
v UDVWURYDF? VWRSČ D U\FKOH ]?VNDW REUD] V Q?]NRX KODGLQRX ?XPX 7ČFKWR Y\QLNDM?F?FK
SDUDPHWUĤ VH GRVDKXMH SRPRF? GYRX SDWHQWRYDQ?FK WHFKQRORJL? =D SUY? VH MHGQ? R
technologii tzv. In-Beam detekce, G?N\NWHU?]?VN?Y?PHH[WUDY\VRN?UR]OL?HQ?LSĜLQ?]N?FK
XU\FKORYDF?FK QDSČW?FK 'UXK? QHP?QČ GĤOH?LW? WHFKQRORJLH MH In-Flight Beam Tracing, 
NWHU?RSWLPDOL]XMHRSWLFN?SDUDPHWU\GOHI\]LN?OQ?KRPRGHOXY UH?OQ?P?DVH[92].   
 
Obr. 21 6FK?PDDXWRHPLVQ?KRPLNURVNRSX0IRA 3 LM [92] 
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(OHNWURQRY? UDVWURYDF? PLNURVNRS 0,5$  /0 Q?P XPR?ĖXMH SUDFRYDW W?PČĜ VH
Y?HPLPR?Q?PLGUXK\DQDO?](';:';D(%6'PLNURDQDO?]ou), DW?PS?GHPQ?PQDE?]?
LQIRUPDFH QHMHQ R Y]KOHGX D PRUIRORJLL Q?PL SR]RURYDQ?KR povrchu vzorku, ale i 
NYDQWLWDWLYQ? D NYDOLWDWLYQ? GDWD o FKHPLFN?P a  I?]RY?P VOR?HQ?  SRSĜ?SDGČ R
NU\VWDORJUDILFN? NRQILJXUDFL URYLQ Y PĜ??FH K Y??H ]P?QČQ?PX Y\KRGQRFRY?Q?P PĤ?H
0,5$/0Y\X??YDWD?GHWHNWRUĤ7RXWRPHWRGRX MVPHVFKRSQLGRVDKRYDW UR]OL?HQ?QD
?URYQL  D  QP SĜL SRX?LW? XU\FKORYDF?KR QDSČW?  N9 UHVSHNWLYH  N9 2EUD] ]?VNDQ?
SRPRF? 0,5$  /0 VH Y\]QD?XMH Y\VRN?P NRQWUDVWHP VURYQDWHOQ?P V REGREQ?PL +5
mikroskopy s  [ D?  [  ]YČW?HQ?P 7RWR ]DĜ?]HQ? MH G?OH Y\EDYHQR ' SOQČ
PRWRUL]RYDQRXVWROLF?NWHU?XPR?ĖXMHv RV?FK;<D= SRVXQ\RDPP5RYQČ?
PĤ?HPH se vzorNHP LQGLYLGX?OQČ  MDN  QDNO?QČW RG -? D? GR ? WDN L V Q?P URWRYDW
v FHO?PUR]VDKX?  [92].  
 
8.3.3 5DVWURYDF?PLNURVNRSLH]DOR?HQDQDGHWHNFLDWRP?UQ?FKVLO$)0 
 
-HGQ? VH R PLNURVNRSLFNRX PHWRGX NWHU? VORX?? N WURMUR]PČUQ?PX ]REUD]RY?Q?
SRYUFKXVOHGRYDQ?KRPDWHUL?OX0HWRGDE\ODSRSUY?SĜHGVWDYHQDY roce 1986 v NRRSHUDFLWĜ?
YČGFĤ %LQQLJ4XDWH D %HUJHU >@ . VHVWDYRY?Q? REUD]X ]GH GRFK?]? SRVWXSQČ ERG SR
ERGXYĜ?GF?FK 
7HFKQLNX $)0 O]H Y\X??W QHMen k ]REUD]RY?Q? SRYUFKRY?KR UHOL?IX DOH WDN? L
ke VWDYEČ VWUXNWXU ? SĜHVWDYRY?Q? DWRPĤ GR SR?DGRYDQ?FK SRORK Y QDQRWHFKQRORJL?FK [77]. 
=?NODGQ?PSUYNHP W?WRPHWRG\ MH UDVWURYDF? KURW RG?OFHQČNROLNDȝPNWHU? MHXP?VWČQQD
RKHEQ?PQRVQ?NX? UDP?QNX- G?lky 100-ȝPYL]REU. 22 [63, 69, 78-80]. 
 
 
Obr. 22 '6FK?PDWLFN?XVSRĜ?G?Q?PLNURVNRSX$)0[81] 
 
Metoda AFM (obr. 23 MH ]DOR?HQD QD GHWHNFL SRORK\ UDP?QND VQ?PDF? VRQG\ NWHU? VH
vychyluje z URYQRY??Q? SRORK\ Y GĤVOHGNX LQWHUDNFH KURWX V SRYUFKRY?PL atomy vzorku. 
1HMEČ?QČM??P ]SĤVREHP MH Y\KRGQRFRY?Q? RGUD]X GRSDGDM?F?KR  ODVHURY?KR VYD]NX RG
UDP?QND VQ?PDF? VRQG\ /DVHURY? GLRGD MH HPLWHQWHP ODVHURY?KR VYD]NX NWHU? GRSDG? QD
]DGQ?SR]ODFHQRXVWUDQXUDP?QNDUDVWURYDF?KRKURWX= WRKRWRP?VWDMHODVHURY?VYD]HN]SČWQČ
RGUD?HQ VNU] ]UF?WNR QD  ? VHJPHQWRY? IRWRGHWHNWRU 3URKQXW? UDP?QND SRVO?]H RGSRY?G?
UR]G?ORY? QDSČW? Ĝ?GRYČ Q1 mezi kvadranty fotodetektoru. 3RK\E Y]RUNX YH Y?HFK WĜHFK
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PR?Q?FK RV?FK MH UHDOL]RY?Q V\VW?PHP SLH]RHOHNWULFN?FK ]DĜ?]HQ? =SČWQRYD]HEQ?P
V\VW?PHPMHĜ?]HQDY]G?OHQRVWKURWXRGY]RUNX[79, 82-84]. 
 
 
Obr. 23 8VSRĜ?G?Q?PLNURVNRSX$)0[86] 
 
.H VOHGRY?Q? SRYUFKRY?KR UHOL?IX VORX?? GYD ]?NODGQ? P?G\ %H]NRQWDNWQ? P?G MHQ? NH
VY?PX VQ?P?Q? Y\X??Y? SĜLWD?OLY?FK VLO PH]L VQ?PDF?P KURWHP D Y]RUNHP QHER P?G
NRQWDNWQ?SUDFXM?F?V RGSXGLY?PLVLODPL[84]. 
 
5H?LP NRQWDNWQ?KR P?GX (obr. 24): V WRPWR UH?LPX VH KURW QDFK?]? MHPQ?P NRQWDNWX
s SRYUFKHP Y]RUNX 0H]L Y]RUNHP D UDVWURYDF?P KURWHP GRFK?]? N LQWHUDNF?P mezi 
RGSXGLY?PL VLODPL YHOPL NU?WN?KR GRVDKX Ĝ?GX -6 - 10-8 SRPRF? NWHU?FK VH UDP?QNR
RK?E?VPČUHPRGY]RUNX 
 7HQWRP?GPĤ?HSUDFRYDWYHGYRXSUDFRYQ?FKUH?LPHFK 
 
- UH?LPXNRQVWDQWQ?V?O\,  
- UH?LPXNRQVWDQWQ?Y??N\. 
 
3UYQ? ]P?QČQ? UH?LP Q?P ]DUX?XMH NRQVWDQWQ? SURKQXW? UDP?QND SĜL UDVWURY?Q? KURWX SR
Y]RUNX W]Q ?H L V?OD SĤVRE?F? QD UDP?QNR EČKHP ]REUD]RY?Q? MH NRQVWDQWQ? 2
Y\KRGQRFRY?Q? WRSRJUDILFN?FKGDW VH VWDU?]SČWQRYD]HEQ? V\VW?PNWHU?SĜ?PRY\KRGQRFXMH
]?VNDQ? YVWXSQ? GDWD ]SČWQRYD]HEQ? VP\?ND MH ]DSRMHQD [99]. 5H?LP NRQVWDQWQ? Y??N\
pracuje s UR]SRMHQRX]SČWQRYD]HEQ?VP\?NRXDW?PMHXGU?RYDQ?NRQVWDQWQ?Y]G?OHQRVWPH]L
SRYUFKHPY]RUNXDUDVWURYDF?PKURWHP7HQWR]SĤVRE]REUD]RY?Q?O]HY\X??WMHQY SĜ?SDGČ
?HP?PHY]RUHNNWHU?P?DWRP?UQČKODGN?SRYUFKDWXG??R?HN?Y?PHMDNPLQLP?OQ?]PČQ\
SURKQXW?UDP?QNDWDNLPLQLP?OQ?]PČQXVLO 
 
V UH?LPXEH]NRQWDNWQ?KRP?GX (obr. 24) GRFK?]? N SRK\EX KURWX YH YČW?? Y]G?OHQRVWL RG
povrchu vzorku (cca. 1- QP WM YH Y]G?OHQRVWL YH NWHU? SĤVRE? van der Waalsovy 
SĜLWD?OLY?V?O\V?O\Ĝ?GX-12 17\WRV?O\RK?EDM?QRVQ?NVPČUHPN SRYUFKXSR]RURYDQ?KR
Y]RUNX 5DP?QNR MH SRPRF? SLH]RNHUDPLFN?KR SUYNX XYHGHQR GR RVFLODF? EO?]N?FK YODVWQ?
UH]RQDQ?Q? IUHNYHQFLȦo Ĝ?GRYČ -400 kHz) s amplitudou kmLWĤ Y rozsahu 0,5 ? 2nm.  
=?URYHĖGRFK?]?NHVOHGRY?Q?I?]RY?KRSRVXQXQHERDPSOLWXG\RVFLODF?]SĤVREHQ?LQWHUDNF?
hrotu se vzorkem [82].  
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Obr. 24 0?G\VQ?P?Q?SRYUFKRY?KRUHOL?IXXPLNURVNRSX$)0[2] 
 
7HFKQLND$)0 MHPHWRGRX X NWHU? UR]OL?HQ? D ]REUD]RYDF? VFKRSQRVW ]?YLV? SĜHGHY??P QD
JHRPHWULFN?P WYDUX SRORPČUX YUFKRORY?P ?KOX KURWX VRQG\ D YHOLNRVWL REODVWL YH NWHU?
GRFK?]? N interakci hrotu sondy s SRYUFKHP ]NRXPDQ?KR PDWHUL?OX 9 SĜ?SDGČ NRQWDNWQ?KR
P?GX MH WDWR PHWRGD VFKRSQD GRV?KQRXW OLPLWQ?KR UR]OL?HQ? SRG KUDQLFL QP YHUWLN?OQ?P
UR]OL?HQ?P Y ose Z MH URYQR QP %H]NRQWDNWQ? P?G $)0 XPR?ĖXMH UR]OL?HQ? Y URYLQČ
vzorku na hranici 0,5 nm a v ose Z cca. 0,1 nm [85]. 
 
8.4 =NX?HEQ?Y]RUN\ DMHMLFKSĜ?SUDYD 
 
3UR ]ML?WČQ? Y?YRMH SRYUFKRY?KR UHOL?IX SR Q?]NRF\NORY? ?QDYČ ]D SRNRMRY? WHSORW\ byly 
firmou 3%6DV9HON?%?WH? GRG?Q\ ML?KRWRY? ]NX?HEQ?Y]RUN\SUR ]NRX?N\Q?]NRF\NORY?
?QDY\0DWHUL?OE\OYDNXRYČSĜHWDYHQDRGOLW PHWRGRXY\WDYLWHOQ?KRPRGHOX do modelu ve 
tvaru jak ukazuje obr. 25.  
 
 
Obr. 25 Odlitek polotovaru pro ]KRWRYHQ?]NX?HEQ?FKW\?? 
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 V U?PFLQD?HKRH[SHULPHQWXKRGQRFHQ?Q?]NRF\NORY??QDY\PDWHUL?OX,QFRQHO/&
E\O\ ]KRWRYHQ\ WČOHVD Y?OFRY?KR WYDUX V PČUQRX G?ONRX  PP D SUĤPČUHP  PP. Po 
VRXVWUX?HQ? E\OD PČUQ? G?OND SRVWXSQČ EURX?HQD QD SR?DGRYDQRX GUVQRVW  Pm a d?le 
elektrolyticky le?tČna, aby bylo dosa?eno kvalitn?ho povrchu pro sledov?n? povrchov?ho 
reli?IX. 7YDUDUR]PČU\]NX?HEQ?KRWČOHVDMVRXY\REUD]HQ\QDREU. 26.  
 3UR SR]RURY?Q? QD NRQIRN?OQ?P ODVHURY?P mikroskopu Olympus LEXT a na 
mikroskopu $)0E\O\]NX?HEQ?WČOHVDVSHFL?OQČXSUDYHQ\1DMHKRSRGVWDY?FKbyly (oproti 
VWDQGDUGQ?PX ]NX?HEQ?KR WČOHVX SUR KRGQRFHQ? Q?]NRF\NORY? ?QDY\ Y\EURX?HQ\ VSHFL?OQ?
VWDELOL]D?Q? hrany (obr. 27) D WRSĜHGHY??PSURWRDE\FKRPSĜLKRGQRFHQ?PČOL]DUX?HQR?H
nedojde k SRRWR?HQ?Y]RUNXY]KOHGHPN SROR]HNWHURXWČOHVR]DXM?PDORSĜLMHKRSROR?HQ?QD
SR]RURYDF? VWROHN PLNURVNRSX 'DO?? ]PČQRX RSURWL VWDQGDUGX bylo Y\EURX?HQ? GHO??ch 
SR]RURYDF?ch SOR?eNY?EČK PČUQ???VWL), NWHU?VORX?ily SURVQDGQČM??SĜ?VWXSDPDQLSXODFLV 
objektivy na mikroskopu Olympus LEXT (WRXWR ?SUDYRX E\O RGVWUDQČQ SUREO?P V NROL]?
REMHNWLYXQDUR]KUDQ?PH]LSRGVWDYRXWČOHVDDSR]RURYDF?SORFKRX%H]W?WR?SUDY\E\FKRP
WDN?QHE\OLVFKRSQLQD]NX?HEQ?WČOHVRSĜLOR?LWUDVWURYDF?VRQG\mikroskopu AFM.  
 
 
Obr. 26 5R]PČU\]NX?HEQ?W\?HSUR]NRX?N\Q?]NRF\NORY??QDY\ 
 
 
 
 
 
 
 
 
Obr. 27 3RKOHGQD]NX?HEQ?Y]RUHN- Y\PH]HQ?SR]RURYDF?FKP?VW 
 
6WDELOL]D?Q?SORFK\ 
2EODVWSR]RURY?Q?Y?YRMH
SRYUFKRY?KRUHOL?IXRULHQWD?Q?U?KD 
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Obr. 28 3ĜHKOHGRY?VQ?PHN]Q?]RUĖXM?F?PDWULFLDRULHQWD?Q?U?KX 
 
3UR]OHS?HQ?RULHQWDFHQDSRYUFKXY]RUNXE\ODQDY\OH?WČQ?SOR?HPČUQ?G?ON\]NX?HEQ?W\?H
Y\UREHQDPČON? SRG?OQ? RULHQWD?Q? U?KD NWHU? MH SDWUQ? QD REU 28. ?OXW? OLQLH QD REU 28 
SĜHGVWDYXMHP?VWRNGHE\O\QDOH]HQ\VkOX]RY?VWRS\ 
 
 
 
2ULHQWD?Q?U?KD 
Eutektikum 
Karbidy 
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9 9?6/('.< 
 
9.1 3RYUFKRY?UHOL?I 
 
3RYUFKRY?UHOL?IVXSHUVOLWLQ\IN738LC,  UHVSHNWLYHMHKRY?YRME\OY SUĤEČKX  
F\NOLFN?KR]DWČ?RY?Q?VWXGRY?QSRFHO?PČUQ?G?OFH]NX?HEQ?KRWČOHVDSĜLSRNRMRY?WHSORWČ 
 .HVWXGLXSRYUFKRY?KRUHOL?IXE\O\SRVWXSQČSRX?LW\MDNPHWRG\VYČWHOQ?PLNURVNRSLH
(LEXT), tak i metody PLNURVNRSLHHOHNWURQRY?$)06EM). 
 
9.2 9?YRMSRYUFKRY?KRUHOL?IX 
 
Vzorky ] PDWHUL?OX ,1/& byly F\NOLFN\ ]DWČ?RY?Qy v UH?LPX Ĝ?]HQ? GHIRUPDFH
s NRQVWDQWQ?KRGQRWRXDPSOLWXG\FHONRY?GHIRUPDFH(İa = 0,4%) v syPHWULFN?PGHIRUPD?Q?P
cyklu (Rİ = -1). 
 =NRX?N\Q?]NRF\NORY??QDY\E\O\SĜHUX?HQ\SRXEČKQXW?SĜHGHPVWDQRYHQ?KRSR?WX
F\NOĤ. S RKOHGHP QD SRWĜHEX SRGUREQČML ]GRNXPHQWRYDW SR??WH?Q? VW?GLD Y]QLNX D Y?YRMH
SRYUFKRY?KRUHOL?IXE\O\]NRX?N\1&? u vzorku 1 SĜHUX?HQ\ML?po 5, 15 a 35 cyklech. Po 
ND?G?PSĜHUX?HQ?]NRX?N\Q?VOHGRYDORSR]RURY?Q?Y]QLNO?KRUHOL?IXY SĜHVQČGDQ?FKP?VWHFK
QDSRYUFKX]NX?HEQ?KRY]RUNX SRPRF?NRQIRN?OQ?KRODVHURY?KRPLNURVNRSX2O\PSXV/(;7
2/6   D UDVWURYDF?KR HOHNWURQRY?KRPLNURVkopu Tescan MIRA 3 LM. 7DWRP?VWD na 
SRYUFKX]NX?HEQ?W\?H E\ODXU?HQDSĜLSR]RURY?Q?UHOL?IX SRXEČKQXW?FKF\NOHFK 
9]RUHNE\OSRVWXSQČSR]RURY?QSR10, 30, 60, 120 a 250 cyklech a v WRPWRSĜ?SDGČ
E\ONODGHQGĤUD]SĜHGHY??PQDSR]GČM??VW?GLDY?YRMHSRYUFKRY?KRUHOL?IX3RYUFKRY?UHOL?I
vzorku 2 E\OVOHGRY?Q RSČWSRPRF?NRQIRN?OQ?KR ODVHURY?KRPLNURVNRSX2O\PSXV/(;7D
G?OH E\OR WDN? SURYHGHQR SRURYQ?YDF? VWXGLXP SRYUFKRY?KR UHOL?IX PHWRGRX $)0 SR 10 
cyklech. 
 
9.2.1 Vzorek 1  
 
3ĜHGSUYQ?PSR]RURY?Q?PE\ORQXWQ? tvar ]NX?HEQ?W\?H VSHFL?OQČXSUDYLW z GĤYRGX
OHS??KR SĜ?VWXSX REMHNWLYĤ N povrchu vzorku 1HMSUYH E\O Y]RUHN EURX?HQ D Q?VOHGQČ
HOHNWURO\WLFN\ GROH?WČQ 1D WDNWR SĜLSUDYHQ?P Y]RUNX E\OD NYĤOL RULHQWDFL D Y\PH]HQ?
SR]RURYDF?REODVWL Y\WYRĜHQDPHFKDQLFN\ U?KDDGYČYRG?F? ??U\SRPRF? OLKRY?KR IL[XYL]
obr. 27. 
TDNWRSĜLSUDYHQ?Y]RUek byl Q?VOHGQČSR]RURY?Q SRPRF?PLNURVNRSĤOlympus LEXT 
a Tescan MIRA 3 LM). 
 
Obr. 29 (LEXT) ]Q?]RUĖXMH Y?FKR]? VWDY PDWHUL?OX MHQ SR HOHNWURO\WLFN?P OH?WČQ?, 
respektive stav jeho povrchu.  
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Obr. 29 3RYUFKY]RUNXYHY?FKR]?PVWDYX (LEXT) 
 
3ĜLGHWDLOQ?P]NRXP?Q?Y]RUNXSRPRF?mikroskopu Tescan MIRA 3 LM E\O\SR]RURY?Q\
Y]QLNDM?F?VRXEČ?Q?VNOX]RY?VWRS\ QD]QD?HQ\E?O?PLOLQLHPLQDREU 30) QDWR?HQ?Y]KOHGHP
k ose zDWČ?RY?Q? R ?KHO ?. K SR]RURY?Q? QRYČ Y]QLNDM?F?KR SRYUFKRY?KR UHOL?IX bylo 
Y\EU?QRP?VWR NROHP U?K\ YH VWĜHGQ? ??VWL VQ?PNX NWHU? MH SR]ĤVWDWNHPSRPHWDORJUDILFN?
SĜ?SUDYČObr. 30 byl SRĜ?]HQ po 5-WL]DWČ?RYDF?FKF\NOHFK 
 
 
Obr. 30 3ĜHKOHGRY?VQ?PHNpovrchu vzorku po 5-ti cyklech 
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Na obr. 31 MVRXYLGČt 3 VNOX]RY?VWRS\UĤ]Q?G?ON\YL]E?O??LSN\QDREU 31SURFK?]HM?F?MDN
SUHFLSLW?W\ Ȗ' WDN L PDWULF? J. V QČNWHU?FK ??VWHFK na povrchu SR]RURYDQ?KR Y]RUNX E\O
]D]QDPHQ?Q SRNOX] PDWHUL?OX VRXYLVHM?F? s QHMYČW?? SUDYGČSRGREQRVW? V YKRGQRX DNWLYDF?
V\VW?PXVNOX]RY?FKURYLQYĤ?LRVH]DWČ?RY?Q? 
 
 
Obr. 31 DetailQ?SRKOHGQD366 DY?VOHGQ?SRNOX] po 5 cyklech 
 
 
3ĜLY]QLNXVNOX]RY?VWRS\Y\]QD?HQ?QDREU 32 E?ORX?LSNRX GR?ORNHY]?MHPQ?PXposunu 
matrice ȖDSUHFLSLW?WĤȖ' 3RVXQPDWHUL?OXMHQD]QD?HQ GYČmi protilehl?PL ?LSNDPLYHVWĜHGQ?
??VWL obr. 32. V U?]HWČVQČQDGWČPLWR?LSNDPL SRVXQPDWHUL?OX]DQLN?3R]RURY?Q?SURE?KDOR
SĜLSĜLEOL?QČ[]YČW?HQ?SĜLQČP???ĜNDVNOX]RY?VWRS\?LQLOD cca 10 nm.   
Pozn.: 3R??WH?Q? VW?GLD Q?]NRF\NORY? ?QDY\ MH WČ?N? SR]RURYDW MLQDN QH? SRPRF?
PHWRGREGREQ?FK)(*-SEM QDSĜ fy. Tescan) SURWR?HSURRVWDWQ? SRX?LW?  PLNURVNRSLFN?
metody (LEXT, AFM), vzhledem k SUR]DW?P WDNWRQHY?UD]Q?PXSRYUFKRY?PXUHOL?IX nejsou 
VNOX]RY? VWRS\ R WORX?ĢFH FFD  QP GHWHNRYDWHO? ? OH?? SRG KUDQLF? MHMLFK UR]OL?RYDF?
schopnosti.  
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Obr. 32 'HWDLOVNOX]RY?VWRS\Y\?VĢXM?F?YU?]H 
 
 
9.2.2 Vzorek 2 
 
3ĜHG VDPRWQ?P SR]RURY?Q?P 
Y]RUNX   E\OR QXWQ? ]NX?HEQ?
W\? REGREQČ upravit (vybrousit 
VWDELOL]D?Q? KUDQ\ ]SOR?WLW
PČUQRX G?ONX DSRG MDNR
v SĜ?SDGČY]RUNX 
 
Na obr. 33 MH SUH]HQWRY?Q
povrchov? UHOL?I Y]RUNX SR 
cyklech (LEXT 2EG?OQ?N na 
obr. 33 Y\]QD?XMH REODVW NWHU?
E\OD GHWDLOQČML SR]RURY?QD
SRPRF?technik CSLM (LEXT a 
AFM. 9]RUHN E\O F\NORY?Q SĜL
KRGQRWČ DPSOLWXG\ FHONRY?
deformace Ha = 0.4 %. 
Odhadovan? ?ivotnost vzorku 
byla 1400 cyklĤ. 
                                                            Obr. 33 6Q?PHNSRYUFKRY?KRUHOL?IXSRF\NOHFK 
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3R]RURY?Q?SRYUFKRY?KRUHOL?IXYHVWHMQ?PP?VWČSRPRF?&/6M, AFM i SEM odhalilo vznik 
SHU]LVWHQWQ?FKVNOX]RY?FKVWRS366. Na obr. 34 MHXYHGHQSĜHKOHGRY? VQ?PHNVWHMQ?REODVWL
z obr. 33 YL]?HUQ?REG?OQ?N'?OHMVRXQDVWHMQ?PREU?]NXSR]RURY?Q\GYČVNOX]RY?VWRS\
XP?VWČQ? NROPR QD RULHQWD?Q? SRG?OQRX U?KX YH VSRGQ? ??VWL VQ?PNX 'HWDLOQ? SRKOHG MH
uveden na obr. 35NGHMHPR?Q?YLGČWVNOX]RY?VWRS\SURFK?]HM?F?PDWHUL?OHPEH]RKOHGXQD
SRORKXSĜ?WRPQ?FKSUHFLSLW?WĤJ?DPDWULFHJ. 
 
 
Obr. 34 PHU]LVWHQWQ?VNOX]RY?VWRS\SRF\NOHFK 
 
 
Obr. 35 'HWDLOQ?Sohled na PSS po 10 cyklech 
 
5RYQČ? SRPRF? $)0 E\O\ YH VWHMQ?FK P?VWHFK NWHU? E\O\ SR]RURY?Q\ SRPRF? SEM, 
GHWHNRY?Q\ GYČ VNOX]oY? VWRS\ ? obr. 36. ?HUQ? ??UNRYDQ? linie na obr. 36 XND]XMHP?VWR
PČĜHQ?SRYUFKRY?KRSURILOXNROPRQDOHYRXVNOX]RYRXVWRSX3URILOVNOX]RY?VWRS\]PČĜHQ?
6NOX]RY?VWRS\ 
6NOX]RY?VWRS\ 
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SRPRF?$)0MHXYHGHQQDREU 37?LSNDQDREU 37 R]QD?XMHSURILOVNOX]RY?VWRS\ z obr. 36 
WYRĜHQ?PČONRXLQWUX]?Y REODVWL?LSN\ 
 
Vzhledem k SRQČNXG YČW??PX NRO?V?Q? Y??NRY?KR SURILOX QHE\OR PR?Q? V GRVWDWH?QRX
SĜHVQRVW? VWDQRYLW KORXENX VNOX]RY? VWRS\ 7D E\OD proto stanovena SĜLEOL?QČ QD  ȝP 
vzhledem k SUĤPČUQ?Y??FHRNROQ?KRSRYUFKRY?KRSURILOX.  
 
     
    
  Obr. 36 Detail skluzRY?FK stop na povrchu      Obr. 37 .ROP?SURILOVNOX]RY?VWRS\ z obr. 36 
             vzorku po 10 cyklech (AFM).                         ?LSNRXMHY\]QD?HQDLQWUX]H$)0 
 
3URILO\ VNOX]RY?FK VWRS E\O\ G?OH PČĜHQ\ SRPRF? PLNURVNRSX 2O\PSXV /(;7 &/60
Sch?PDPČĜHQ?SRG?OQ?KRSURILOX OHY?VNOX]RY?VWRS\SRXEČKQXW?F\NOĤ MHQDREU 38. 
3URILOSRYUFKRY?KRUHOL?IXE\OY?G\SURSRURYQ?Q?PČĜHQYOHYRYHGOHOLQLHVNOX]RY?VWRS\D
SĜ?PR YH VNOX]RY? VWRSČ MDN MH XN?]?QR QD REU 38. 1D VWHMQ?P REU?]NX YLG?PH WDN? MHKR
VWUXNWXUXVNO?GDM?F?VH] SUHFLSLW?WXȖ?DWXK?KRUR]WRNXȖ 
 
 
Obr. 38 6FK?PDPČĜHQ?SURILOXVNOX]RY?VWRS\SRPRF?&/60 
Kapitola 9. ? 9?VOHGN\? 3RYUFKRY?UHOL?I    42 
?HUQ? oblast na obr. 39 ]Q?]RUĖXMHprofil povrchu Y]RUNX YOHYR RG VNOX]RY? VWRS\, modr? 
plocha pak  ]Q?]RUĖXMHprofil XYQLWĜOHY?VNOX]RY?VWRS\ z obr. 38.  
 
 
Obr. 39 3RG?OQ?SURILOOHY?VNOX]RY?VWRS\SRXEČKQXW?F\NOĤ&/6M 
 
 
3URYHGHQ?PPČĜHQ?P SRG?OQ?FK SURILOĤ E\OR ]ML?WČQR ?H Y]QLNO? VNOX]RY? VWRS\ REVDKXM?
YHON? PQR?VWY? ?]N?FK Q?KRGQČ VLWXRYDQ?FK LnWUX]? NWHU? VH V SĜLE?YDM?F?P SR?WHP
?QDYRY?FKF\NOĤSURKOXEXM?Y]?MHPQČSURSRMXM? D UR]?LĜXM?1?VOHGQČGRFK?]?N FHONRY?PX
SRNOHVX Y??N\ SRYUFKRY?KR UHOL?IX YH VNOX]RY? VWRSČ = WRKRWR Y\SO?Y? WHQGHQFH Y\WY?ĜHW
XYQLWĜ VNOX]RY? VWRS\ GORXKRX PČOkou intruzi ? mikrotrhlinu. %?O? REODVW QD REU 0 
SĜHGVWDYXMe  profil povrchu Y]RUNXYOHYRRG VNOX]RY? VWRS\ ?HUQ? REODVW ]Q?]RUĖXMH SURILO
VNOX]RY?VWRS\SR]DWČ?RYDF?FKF\NOHFK9?YRMSRYUFKRY?KRUHOL?IXSR?QDYRY?FK 
cyklech ]Q?]RUĖXMHPRGU?oblast.  
 
 
Obr. 40 3RG?OQ?SURILO\OHY?VNOX]RY?VWRS\SRXEČKQXW?DF\NOĤ 
 
0ČĜHQ? Y??NRY?FK SURILOĤ SRPRF? PLNURVNRSX 2O\PSXV /(;7 SURE?KDOR Y QČNROLND
Y\EUDQ?FKP?VWHFKY U?PFLGDQ?VNOX]RY?VWRS\ EČKHPND?G?KRSĜHUX?HQ?]NRX?N\. =ML?WČQ?
hloubkDY]QLNO?FK LQWUX]? SRF\NOHFKGRVDKRYDODPD[LP?OQČPm. Po 250 cyklech 
GRVDKRYDO\ SR]RURYDQ? LQWUX]H PD[LP?OQ? KORXEN\  PP +RGQRW\ KORXEN\ VNOX]RY?
VWRS\E\O\Y?G\PČĜHQ\Y]KOHGHPN SRYUFKXY]RUNXNWHU?Y\FK?]HO]H]DRVWĜHQ?PLNURVNRSX
a byl WHG\MDNRXVLY?FKR]??QXORYRXSRORKRX? 
 
 
 9]QLNO?LQWUX]H 
120 F\NOĤ 
 F\NOĤ 
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2EGREQČ MDNR Y SĜ?SDGČ PČĜHQ? KORXEN\ LQWUX]? E\O\ VWDQRYHQ\ PD[LP?OQ? KRGQRW\ ??ĜNy 
VNOX]RY?VWRS\0ČĜHQ?E\ODSURYHGHQDY QČNROLNDP?VWHFK SRG?OFHVNOX]RY?VWRS\NROPRQD
WXWR VWRSX MDN MH VFK?PDWLFN\ Y\]QD?Hno na obr. 41 PRGURX OLQL?. V U?PFLPČĜHQ? po 120 
F\NOHFKE\ODPD[]PČĜHQ???ĜND VNOX]RY?VWRS\QDSRYUFKXY]RUNX 0,3Pm a po 250 cyklech 
E\ORQDOH]HQRP?VWRV max. hodnotou 0,32 ȝP. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Obr. 41 6FK?PDPČĜHQ???ĜN\VNOX]RY?VWRS\? CLSM 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
F\NOĤ 
F\NOĤ 
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10 DISKUZE 
 
6WXGLXP ?QDYRY?KR SR?NR]RY?Q? PDWHUL?OX ,1/& SRXN?]DOR QD OLPLWQ? PR?QRVWL
MHGQRWOLY?FKPLNURVNRSLFN?FK]REUD]RYDF?FKPHWRGSRX?LW?FKY U?PFLW?WRGLSORPRY?SU?FH 
  
.RQIRN?OQ? VNHQRYDF? ODVHURY? PLNURVNRSLH &/60 2O\PSXV /(;7 VH SĜL
H[SHULPHQWX XN?]DOD MDNR HIHNWLYQ? Q?VWURM SUR Y\KRGQRFRY?Q? NYDQWLWDWLYQ?FK ?GDMĤ SĜL
Y]QLNX SRYUFKRY?KR UHOL?IX D LQLFLDFL PLNURWUKOLQ 3RPRF? W?WR WHFKQRORJLH MVPH VFKRSQL
]D]QDPHQDW QHMHQKORXEN\ MHGQRWOLY?FK LQWUX]? DOH L FHONRY?SRYUFKRY? UHOL?I VOHGRYDQ?FK
VNOX]RY?FK S?VĤ 7RWR MH XPR?QČQR QD UR]G?O RG ?NRQWDNWQ?FK? WHFKQLN QDSĜ $)0
VQ?P?Q?PSRYUFKXY]RUNXSRPRF?ODVHURY?KRSDSUVNX1DGUXKRXVWUDQXQDPČĜHQ?KRGQRW\
MHPQ?FK LQWUX]? D H[WUX]? VH PRKRX OL?LW RG UH?OQ?FK UR]PČUĤ Y]KOHGHP N rR]OL?RYDF?
schopnosti mikroskopu v RV?FK;<D=0D[LP?OQ?KORXENDLQWUX]?]ML?WČQ?SRPRF?&/60
]?YLV?WDN?QD?KOXNWHU?VY?U?DNWLYQ?VNOX]RY?URYLQDV povrchem vzorku, resp. na geometrii 
VNOX]RY?VWRS\ 
 
Technologie FEG-SEM fy. Tescan se naopak velmL GREĜH XSODWQLOD SĜL SR]RURY?Q?
SR??WH?Q?FKVW?GL?Y]QLNXSRYUFKRY?KRUHOL?IXUHVSY]QLNDM?F?FKVNOX]RY?FKS?VĤQDSRYUFKX
Y]RUNX 7RKRWR ]REUD]HQ? E\FKRP QHE\OL VFKRSQL GRV?KQRXW MLQRX Y U?PFL H[SHULPHQWX
SRX?LWRXPHWRGRXQHERĢ]REUD]RYDF?VFKRSQRVWLRVWDWQ?FKPLNURVNRSLFN?FKPHWRGOH??SRG
SRWĜHEQRXUR]OL?RYDF?VFKRSQRVW?WMFFDQP 
 
Aplikace technologie AFM vede k SĜHVQ?PX ]REUD]HQ? UH?OQ? Y??N\ H[WUX]? DOH
s SĜLKO?GQXW?P N UR]PČUX D WYDUX UDVWURYDF?KR GHWHNWRUX PĤ?H GRM?W NH ]NUHVOHQ? WYDUu 
SĜHGHY??P KOXERN?FK LQWUX]? 1DY?F SUR ]?VN?Q? NYDQWLWDWLYQ?FK GDW R SRYUFKRY?P UHOL?IX
XYQLWĜVNOX]RY?FKVWRSMHSRWĜHEDSRX??WWHFKQLN\UHSOLN[93]. 
 
.RPELQDF? GYRX SR]RURYDF?FK WHFKQLN MVPH VFKRSQL GRV?KQRXW UH?OQ? SĜHGVWDY\ R Y?YRML
??ĜHQ?DUR]PČUHFKUHOL?IXXYQLWĜ366 
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11 =?9ċ5< 
 
 6WXGLXP Y?YRMH SRYUFKRY?KR UHOL?IX OLW? SRO\NU\VWDOLFN? VOLWLQ\ ,1/&
F\NOLFN\]DWČ?RYDQ?YUH?LPXĜ?]HQ?GHIRUPDFHYHGHNQ?VOHGXM?F?P]?YČUĤP 
  
 
? PR]RURYDQ?VNOX]RY?VWRS\QD]D??WNX?QDYRY?KRSR?NR]HQ?LQGLNXM?SR??WH?Q? sW?GLD 
lokalizace cyNOLFN?SODVWLFN?GHIRUPDFHGRVNOX]RY?FKS?VĤ 6NOX]RY?VWRS\E\O\QD
SRYUFKXY]RUNXQDOH]HQ\ ML?SRXEČKQXW??QDYRY?FKF\NOĤ 1?VOHGQ?VWXGLXP366
SĜHGHY??PY]RUNXY SUĤEČKX?QDYRY?KRSURFHVXRGKDOLOR?HVNOX]RY?VWRS\MVRX
SHU]LVWHQWQ? 
 
? Studium SRYUFKRY?KRUHOL?IXXYQLWĜSHU]LVWHQWQ?FKVNOX]RY?FKVWRSXN?]DORH[LVWHQFL  
SĜHGHY??P L]RORYDQ?FK KOXERN?FK D ?]N?FK LQWUX]? D P?UQ?FK H[WUX]? NRSFRYLW?KR
FKDUDNWHUX =QD?Q? ??VW 366 Y\ND]RYDOD RY?HP SRX]H QHY?UD]Q? SRYUFKRY? UHOL?I
9?VOHGN\ SR]RURY?Q? 366 SRPRF? &LS0 WHG\ QDVYČG?XM? ?H SĤVRE?F? F\NOLFN?
SODVWLFN?GHIRUPDFHMHXYQLWĜ363UR]OR?HQDQHURYQRPČUQČ S URVWRXF?P SR?WHPF\NOĤ
GRFK?]?YHVNOX]RY?FKVWRS?FKN SURKOXERY?Q?SURUĤVW?Q?VSRMRY?Q?) LQWUX]? a jejich 
Q?VOHGQ?PX UR]?LĜRY?Q? S SĜLE?YDM?F?P SR?WHP F\NOĤ WDN? QDVW?Y? FHONRY? SRNOHV
Y??N\SRYUFKRY?KRUHOL?IXYHVNOX]RY?VWRSČ 
 
? 3UHFL]Q?P]NRXP?Q?PY]RUNXSRPRF? WHFKQRORJLH)(*-6(0E\O\ SR]RURY?Q\ na 
povrchu Y]QLNDM?F? VNOX]RY? VWRS\ RULHQWRYDQ? YĤ?L RVH ]DWČ?RY?Q? R ?KHO ? FR? 
souYLV?V DNWLYDF?YKRGQ?FKV\VW?PĤVNOX]RY?FK rovin vzhledem k RVH]DWČ?RY?Q? 
 
? CLS0 VH XN?]DOD MDNR HIHNWLYQ? Q?VWURM SUR VWXGLXP SRYUFKRY? WRSRJUDILH EČKHP
F\NOLFN?KR ]DWČ?RY?Q? ]HMP?QD SUR VOHGRY?Q? LQWUX]? D LQLFLDFH PLNURWUKOLQ 9
SRURYQ?Q? V &LS0P? $)0 OHS?? KRUL]RQW?OQ? UR]OL?HQ? DY?DN LQWUX]H PRKRX E?W
WRXWRPHWRGRXSR]RURY?Q\SĜHGHY??PVSRPRF?WHFKQLN\UHSOLN  
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SYMBOL   9?=1$0 
 
?   ?QJVWU?P (1 ? 0,1 nm), 
AFM    UDVWURYDF?PLNURVNRSLH]DOR?HQ?QDGHWHNFLDWRP?UQ?FKVLO, 
A5    WD?nost [%],  
CLSM   NRQIRN?OQ?ODVHURY?UDVWURYDF?PLNURVNRS, 
D, d    prĤmČU]NX?HEQ?KRWČOHVD [mm], 
DIC    1RPDUVN?KRGLIHUHQFL?OQ?LQWHUIHUHQ?Q?NRQWUDVW, 
EBSD    PHWRGDVWDQRYHQ?NU\VWDORJUDILFN?RULHQWDFH]UQ, 
EDX   HQHUJLRYČGLVSHU]Q?PLNURDQDO?]D 
FCC    NXELFN?SOR?QČ FHQWURYDQ?mĜ??ND 
FIB   VRXVWĜHGČQ?SDSUVHNLRQWĤJDOLD,  
HR   Y\VRN?UR]OL?HQ? 
IN738LC   QLNORY?VXSHUVOLWLQDREFKRGQ?Q?]HY 
L    G?OND]NX?HEQ?KRWČOHVD [mm], 
1&?   Q?]NRF\NORY??QDYD 
Nf    po?et cyklĤ do lomu, 
PSP    SHU]LVWHQWQ?VNOX]RY?S?V, 
PSS    perzisteQWQ?VNOX]RY?VWRSD, 
Rm   mez pevnosti v tahu [MPa], 
Re    mez kluzu [MPa], 
Rp0,2    VPOXYQ?PH]NOX]X>03D@ 
Rİ    parametr asymetrie cyklu,  
SEM    UDVWURYDF?HOHNWURQRY?PLNURVNRSLH 
WDX   YOQRYČGLVSHU]Q?PLNURDQDO?]D 
t    teplota >?&@, 
İ   pomČUQ?GHIRUPDFH [%],   
İap    DPSOLWXGDSODVWLFN?GHIRUPDFH [%],  
İae    DPSOLWXGDHODVWLFN?GHIRUPDFH [%],  
3RX?LW?]NUDWN\DV\PERO\  53 
İat   DPSOLWXGDFHONRY?GHIRUPDFH [%],  
ıh    KRUQ?QDSČW?YF\NOX>03D@, 
ıd    GROQ?QDSČW?YF\NOX>03D@, 
ıc    PH]?QDY\>03D@, 
ıa    amplituda napČW? [MPa], 
ım    stĜHGQ?QDSČW?>03D@, 
ıPt   QDSČW?QDPH]LSHYQRVWL[MPa],  
ıKt   QDSČW?QDPH]LNOX]X[MPa], 
Ȗ    VWUXNWXUQ?VOR?ND]?NODGQ?WXK?UR]WRN 
Ȗ   HQHUJLHYUVWHYQ?FK\E\ [J.m-2], 
Ȗ'    VWUXNWXUQ?VOR?NDY\WYU]XM?F?NRKHUHQWQ?I?]H1L$OTi).  
